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PHILODENDRON SUBGENUS                                                    MISSOURI BOTANICAL
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FOR MEXICO AND CENTRAL                                                  OCT 3 1 1997
AMERICA'
                                                                          GARDEN LIBRARY
 
ABSTRACT
 
 This is the first revision of Philodendron subg. Philodendron since that of K. Krause in Das Pflanzenreich in 1913.
Philodendron subg. Philodendron, the largest of the three subgenera, includes 103 taxa (95 species and 8
subspecies
or varieties) for Central America. Sixty-eight taxa are new to science. These include 62 species: P. albisuccus
Croat, P
alticola Croat & Grayum, P angustilobum Croat & Grayum, P. annulatum Croat & Grayum, P. antonioanum Croat,
P.
aromaticum Croat & Grayum, P bakeri Croat & Grayum, P. breedlovei Croat, P. brewsterense Croat, P brunneiraule
Croat & Grayum, P chiriquense Croat, P. chirripoense Croat & Grayum. P. clewellii Croat, P. coloradense Croat, P,
copense Croat, P. correae Croat, P. cotobrusense Croat & Grayum. P. cotonense Croat & Grayum, P.
crassispthum Croat
& Grayum, P. cretosum Croat & Grayum, P. dodsonii Croat & Grayum, P dolichophyllum Croat, P. dominicalen.e
Croat
& Grayum, P. dwyeri Croat, P. edenudatum Croat, P ferrugineum Croat, P. findens Croat & Grayum, P Jflomii
Croat,
P. fortunense Croat, P. gigas Croat, P. granulare Croat, P. grayumii Croat, P. uhammelii roat, P hebetain Croat,, P
heleniae Croat, P. immixtum Croat, P. jefense Croat, P. knappiae Croat, P lazorii Croat, P lentii Croat & Grayum, P.
llanense Croat, P. madronense Croat, P malesevichiae Croat, P morii Croat, P. niqueanum Croat, P. pirrense
Croat, P
pseudauriculatum Croat, P. purulhense Croat, P. roseospathum Croat, P scalarinerve Croat & Grayum, P. sousae
Croat.
P squamicaule Croat & Grayum, P. squamipetiolatum Croat, P straminicaule Croat, P sulkicaule Croat & Grayumn.



P
thalassicum Croat & Grayum, P. tysonii Croat, P ubigantupense Croat, P. utleyanum Croat, P verrapazense Croat,
P.
wilburii Croat & Grayum, P zhuanum; 6 infraspecific taxa: P. davidsonii Croat subsp. bloator<num Croat. P
hederaceum
(Jacq.) Schott var. kirkbridei Croat, P. ligulatum Schott var. herawlioanum Croat, P ligulatum Schott var. oiatum
Croat.
P roseospathum Croat var. angustilaminatum Croat. P wilburii var. longipedunwulatum Croat & Grayum; and 2 new
combinations: P hederaceum (Jacq.) Schott var. oxycardium (Schott) Croat. P radimtum Shott var. pseudIradiatum
(Matuda) Croat. Species diversity of P subg. Philodendron in Central America shows a general diminution from
Mexico
to Middle America, followed by a marked increase closer to South America. Mexico has 21 taxa. Guatemala 15,
Belize
9, El Salvador 5, Honduras 13, Nicaragua 18, Costa Rica 49. and Panama 80, respectively. Endemism is high,
especially
for Panama where 39 taxa are currently considered endemic. Mexico and Costa Rica each have 7 endemic
species.
With the exception of Belize, which has 1 endemic, no other country in Middle America has any endemic species.
Only 26 species (28 taxa), a total of 26% of ail Central American species, range into South America, 8 species (7%
of the total) only to Colombia.
 
 
 ' This study was completed with support from National Science Foundation grant BSR-8614777.
 2 P. A. Schulze Curator of Botany, Missouri Botanical Garden, P.O. Box 299. St. ILuis. Mssouri 6316-0299. U .S.A.
                                            ANN. MIssouRI BOT. GARD. 84: 311-704. 1997.
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INTRODUCTION
 
 Philodendron is, after Anthurium, the largest ge-
nus in the Araceae, with 700 or more species (Croat,
1979, 1983a, 1988, 1990). This is the first major
revision of P. subg. Philodendron for Central Amer-
ica since Kurt Krause's (1913) generic treatment in
Das Pflanzenreich. Philodendron is one of the most
important genera in the Neotropics, inhabiting a
wide range of mesic habitats from sea level to over
2000 m and in life zones (Holdridge, 1967) ranging
from Tropical moistforest to Premontane rainforest.
While most species occur in virgin humid forests,
the genus is known from freshwater swamps, stream
banks, regrowth forest, rock outcrops, and road-
banks. It is not only one of the largest genera in
the Neotropics but also often constitutes the most
conspicuous element of the vegetation because of
its abundance, primarily climbing habit, and fre-



quently large, showy leaves. The genus provides a
wide variety of choice ornamental plants for horti-
culture, including most of the species treated here.
Unfortunately, it is also still poorly known taxonom-
ically, especially in the South American Andes.
  Philodendron has 119 Central American species
comprising 128 taxa, distributed in two subgenera
of Philodendron. This Central America revision en-
compasses only members of P. subg. Philodendron,
with 103 taxa, including 95 species and 8 varieties
or subspecies (Appendix 1, Geographic Distribu-
tion of Central American Philodendron subg. Philo-
dendron). A total of 68 taxa are new to science: 62
species, 6 subspecies or varieties, and 2 combi-
nations. Alternatively, P. subg. Pteromischum, re-
vised separately by Grayum (1996), contains 21
species (26 taxa) for Central America. That revision
encompasses ail species from Pacific and Carib-
bean tropical America, ignoring only species from
the region of the Guianas and from the Amazon
drainage of South America.
  Philodendron is a distinct genus, not easily con-
fused with any other, though closest to Homalo-
mena, which differs in having a consistently terres-
trial habit, frequently spiny petioles, a sap smelling
of anise, and staminodia among the pistillate flow-
ers.
  Species diversity of P. subg. Philodendron in
Central America shows a general diminution from
Mexico to Middle America with the lowest totals
just north of the San Juan depression, followed by
a marked increase approaching the South American
continent. Mexico has 21 taxa, Guatemala 15, Be-
lize 9, El Salvador 5, Honduras 13, Nicaragua 18,
Costa Rica 48, and Panama 82. Endemism is high,
especially for Panama where 39 taxa are currently
 
 
considered endemic. Mexico and Costa Rica each
have 7 endemic species. With the exception of Be-
lize, which has 1 endemic, no other country in Mid-
dle America has any endemic species.
  Most of the Central American species of P subg.
Philodendron (Appendix 3, Sectional Composition
of Philodendron subg. Philodendron in Central
America) are in P sect. Calostigma (Schott) Engl.
with 52 taxa (48 species) and P. sect. Philodendron
with 62 taxa (58 species). Other sections repre-
sented in Central America are: P sect. Tritomo-
phyllum (Schott) Engl. with 6 species; P. sect. Po-
lytomium (Schott) Engl. with 3 species (4 taxa); and
P sect. Macrogynium Engl. with 1 species. Sec-
tions not represented in Central America are: Schi-
zophyllum (Schott) Engl.; Camptogynium K. Krau-
se; and Philopsammos G. S. Bunting. A key for the
sections of P subg. Philodendron is included under
"Taxonomy."



 
MATERIALS AND METHODS
 
  This revision is based on more than 25 years of
field studies in Central and South America, be-
tween 1967 and 1993. All but 15 of the 95 species
were studied in the field or under cultivation at the
Missouri Botanical Garden. Those only known from
herbarium material are: P. breedlovei, P brewster-
ense, P. chirripoense Croat & Grayum, P. cotobru-
sense, P. dwyeri, P. folsomii, P. hammelii, P jefense,
P. madronense, P. roseospathum var. angustilami-
natum, P. sousae, P. ubigantupense, P. utleyanum,
and P. verapazense Croat. Except for these, ail de-
scriptions have been prepared from both living and
dried specimens. The use of ("dried") preceding ail
or any part of the description is an indication that
all that follows is based on herbarium material only.
Morphological characters were coded directly into
a computerized database to ensure parallel and
sortable descriptions. The aroid descriptions data-
base, completely rewritten since the publication of
my revision of Anthurium sect. Pachyneurium
(Croat, 1991), contains 892 character states used
to describe the morphological diversity expressed
in Philodendron. A total of 108 of these are used
exclusively for description of the bisexual inflores-
cence (and thus were not used in the descriptions
of Philodendron), while 220 describe unisexual in-
florescences. The database also allows for sorting
of characters for use in writing keys or in providing
useful lists of characters for preparing a cladistic
survey. In addition, the database can be put to fu-
ture use for the preparation of floristic surveys or
for adding additional newly discovered species. The
description database is tied directly to the nomen-
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clatural database in TROPICOS (Crosby, 1986;
Crosby & Magill, 1986). Finally, discussions and
references to illustrations as well as exsiccatae are



stored separately but tied to a particular species
description and to the nomenclatural information
by a unique taxon number. Specimens can be add-
ed to the exsiccatae almost until the time of pub-
lication because they are automatically presorted to
localities before being printed. Species descriptions
are decoded into narrative text automatically before
final editing for style.
  Terminology and usage in the descriptions in this
revision are largely defined by Croat and Bunting
(1979). Further definitions of petiole cross-sectional
shapes are defined and illustrated in Croat (1983a).
The colors reported in the description frequently
are taken from the color chart by Berlin and Kay
(1969) and are referenced in the text as B & K.
This color chart, available from the University of
California Press, is a reproduction of the Munsell
Color Array of 40 hues, at maximum saturation,
with nine degrees of brightness. This represents 40
hues in the vertical columns and 9 degrees of
brightness in the horizontal columns. Colors are ar-
ranged in 10 basic clusters with 4 different hues
per cluster, ranging from red through yellow, green,
blue, purple, and finally red-purple. The four col-
umns for each color cluster are numbered 2.5, 5,
7.5, and 10. These numbers are repeated for each
basic color type. The colors from the B & K color
chart are read by first reporting the color, then the
row followed by the column. For example, the third
color in the fifth row is Red 5/7.5. The second color
in the eighth row is Red 8/5.
  Ecological zones, though sometimes estimated
from my own experience with Central American
vegetation, are largely taken from Holdridge life-
zone maps (Holdridge, 1967; Holdridge et al.,
1971), where they exist for Central American coun-
tries. Vegetation types for Mexico are taken from
the "Mapa de tipos de vegetaci6n de la Repblica
de Mexico" (Flores et al., 1971).
  Each life zone is represented by a full textual
statement and abbreviation which appear on life
zone maps. The Holdridge Life Zones of Central
America and areas where Philodendron occur are
listed here, arranged in a generally drier to wetter
order: Tropical thor woodland (T-tw); Tropical dry
forest (T-df); Tropical moist forest (T-mf); Tropical
wet forest (T-wf); Tropical rain forest (T-rf); Premon-
tane thorn woodland (P-tw); Premontane moist for-
est (P-mf); Premontane wet forest (P-wf); Premon-
tane rain forest (P-rf); Tropical Lower Montane wet
forest; (TLM-wf); Tropical Lower Montane rain forest
(TLM-rf); Tropical wet forest transition to Premon-
 
 
tane wet forest (T-wf/P-wf); Premontane wet forest
transition to moist forest (P-wf/mf); and Premontane
wet forest transition to rain forest (P-wf/rf).



  Herbarium material has been widely distributed,
and original field vouchers are cited for ail herbaria
whose material was seen. Herbarium material may
consist of one of three kinds: (1) complete original
sets (wild collected); (2) sterile original material
with an inflorescence added from a cultivated plant
of the same number; and (3) material collected en-
tirely from cultivated plants. Specimens based en-
tirely or in part on cultivated material are clearly
indicated on the herbarium label.
  Herbarium specimens were borrowed from most
major herbaria including: AAU, B, BBS, BISH,
BM, BR, CAS, CAY, CM, COL, CR, DAV, DUKE,
DS, EAP, ECON, ENCB, F, FLAS, FSU, FTG, G,
GH, HBG, ISC, K, L, LA, LL, LE, M, MEXU,
MICH, NY, PMA, RSA, S, SCZ, SEL, TEX, U, UC,
UMO, US, VEN, and WIS.
  Descriptions are mostly parallel and as complete
as possible. Descriptions of the pistils, vitally im-
portant in the infrageneric classification of Philo-
dendron, are particularly detailed. In order to avoid
repetition, description references are made to Style
Types discussed by Mayo (1986). These style types
are discussed and illustrated (Fig. 469) in the in-
troduction under the section on "Morphology of Re-
productive Structures-Gynoecium."
  Infraspecific categories in this work adhere to the
following definitions. Subspecies are those infra-
specific taxa that are mostly or entirely allopatric
either geographically, elevationally, or ecologically.
Varieties, though morphologically distinct in one or
several characters, are apparently geographically,
elevationally, or ecologically sympatric. Ail infra-
specific taxa within Central American Philodendron
subg. Philodendron are ecologically sympatric.
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HISTORY OF THE GENUS PHILODENDRON
 



  Although Philodendron apparently figured in
pre-Columbian folklore, art, and medicine during
the 16th century, and herbarium material was col-
lected by Georg Marcgraf as early as 1644 (Mayo,
1990), it was Charles Plumier who made the first
effective introduction of the genus to European sci-
entists (Mayo, 1990). He collected five or six spe-
cies from Martinique, St. Thomas, and Hispaniola,
giving phrase names beginning with "Arum" or
"Dracunculus." See Mayo (1990) for a detailed ac-
 
 
count of Philodendron collections made by other
late 17th-century and 18th-century explorers, in-
cluding Hans Sloane in Jamaica and N. J. Jacquin
in the West Indies, Colombia, and Venezuela.
 Plumier's expeditions resulted in the first species
of Philodendron to be published as new to science,
albeit as an Arum, A. lingulatum L., a member of
Philodendron subg. Pteromischum. His trips also
resulted in Philodendron hederaceum, the first
member of P. subg. Philodendron to be published
new to science, as Arum hederaceum Jacq.
 
HEINRICH WILHELM SCHOTT
 
 One hundred thirty-six years passed from the
time Plumier first introduced plants of what came
to be known as Philodendron to European scientists
in 1693 and the first circumscription of the genus
by Schott in 1829. During this interim a number of
workers, including Carl Linnaeus, worked with ge-
neric concepts and decided that not all aroids be-
longed in the same genus. Arum came to be used
only for the European plants it now represents and
Arisaema, Dracunculus, and Colocasia were also
separated by the early 18th century (Hermann,
1698; Tournefort, 1700). By the fifth edition of Gen-
era Plantarum Linnaeus (1754) had recognized
also Calla, Dracontium, and Pothos as well as
Orontium, Pistia, and Acorus, although not recog-
nizing the last three as related to Arum.
  By the middle of the 18th century the exploration
of the Neotropics was well under way. The intro-
duction of so many new plants from the New World
tropics, including many Philodendron species,
made it clear that further separation was needed.
Because of the uncritical acceptance of many ab-
errant elements into Arum during the course of the
18th century a number of taxa now recognized as
Caladium, Philodendron, and Syngonium were inm-
corporated into Arum. Ventenant (1800) solved part
of the problem by recognizing Caladium, but Willd-
enow (1805) erred in transferring into Caladium
four of Jacquin's West Indian Philodendron species
(all considered Arum at the time).
  Even by the time of the 16th edition of Systema



Vegetabilum Sprengel (1826) did not distinguish
Philodendron but had increased the number of gen-
era to 12, adding Ambrosina, Arisarum, Caladium,
Gymnostachys, and Zantedeschia.
  Resolution of many of the remaining generic
problems with the Araceae awaited Austrian bota-
nist Heinrich Wilhelm Schott, who was the first to
focus on the taxonomy of the Araceae (Nicolson,
1960). Schott was uniquely qualified in this regard,
having spent four years in Brazil collecting plants
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and with access to the large collection of living
plants at the Imperial Gardens [of the Hapsburg's]
at Schnbrunn Palace in Vienna where he worked
as the director. These included his own Brazilian
collections as well as those of N. J. Jacquin from
the Caribbean. In 1829 Schott described the genus
Philodendron (published as Philodendrum) Schott
in one of his first publications after returning from
Brazil in 1821. The first species placed in the ge-
nus were: R grandifolium (Jacq.) Schott, R laci-
niosum Schott, R tripartitum (Jacq.) Schott, P lac-
erum (Jacq.) Schott, R pinnatifidum (Jacq.) Schott,
and R hederaceum (Jacq.) Schott. In 1832 Schott
published a preliminary classification of the Ara-
ceae in a work entitled Meletemata Botanica, which
included many plant families and was done in con-
junction with his colleague S. Endlicher. In this
work he recognized 39 genera of Araceae including
Philodendron and some other by now well known
species-rich genera such as Anthurium, Syngoni-
um, Dieffenbachia, Aglaonema, and Spathiphyllum.
In this work he also published the first infrageneric
system of classification for Philodendron, although
it contained only three groups still recognized to-
day. Though Schott subsequently continued to work
on his circumscription of the genera and species of



the Araceae for the remainder of his career, he did
not publish any major revisions of Araceae for 24
years.
  Endlicher (1837), publishing alone but with the
obvious assistance of Schott (Mayo, 1990), pro-
duced a revision of Philodendron that differed from
the Meletemata Botanica account by Schott only in
having a more complete generic description, in-
cluding vegetative details which were presented for
the first time.
  Shortly after Endlicher's revision, K. S. Kunth
(1841) published in his "Enumeratio Plantar-
um..." the first species-level revision of Philoden-
dron. This revision included new species and new
combinations and for the first time included species
of the genus that would later be recognized as mem-
bers of R subg. Pteromischum.
  It was not until Schott's (1856) publication of a
work entitled Synopsis Aroidearum that a fully de-
veloped infrageneric system of classification was re-
alized. This was Schott's first species-level revision
of the genus, and the Synopsis divided the genus
into 22 "greges" grouped in 7 unnamed categories
arranged in increasing order of complexity of leaf
blade shape (Mayo, 1990). A total of 99 species
(which was recognized here for the first time as grex
Pteromischum) and 3 species of R subg. Meconos-
tigma were included (two of them reported as mem-
bers of grex Sphincterostigma).
 
 
  Schott's final classification of Philodendron was
published four years later in the Prodromus Syste-
matis Aroidearum (1860), a more rigorous work that
came to be his last comprehensive self-published
work, since he died at the age of 71 in 1865. This
revision included 110 genera; almost all are still
recognized as genera or subgenera. The fact that
his work has stood the test of time is a testimony
to the serious nature of the research he had done
in Vienna during his long period of seeming inac-
tivity.
  Schott's treatment of Philodendron in the Prod-
romus differed from his revision in the Synopsis in
having more complete descriptions, using more in-
florescence characters; in having six rather than
seven unnamed categories of leaf shape to group
the "greges"; and in beginning to make use of the
cataphyll (prophyll in the strictest modem sense)
as a character. Schott used the term "subopposite
stipule" for the feature that came to be known as
the cataphyll in Engler's usage. This has proven to
be one of the best and most reliable characters for
the genus. For a detailed listing of the key char-
acters for Philodendron used in Schott's Prodromus
revision, refer to Mayo (1990: 50).
 The Prodromus treatment included 135 species



of Philodendron included in the same "greges."
Twenty species of the total were members of P
subg. Pteromischum Schott and 6 species are now
placed in R subg. Meconostigma (Schott) Engl. (3
in grex Meconostigma and 3 in grex Sphincterostig-
ma). Thus Schott included 110 names of P sect.
Philodendron. Taking synonymy into account, only
76 species of R sect. Philodendron were included
in this 1860 revision. Only 18 names pertained to
Central America. Of these, only 8 are accepted
members of R sect. Pteromischum.
 The species included by Schott (1860) in each
grex of the Prodromus for Central America are list-
ed below:
 
Grex Baursia Rchb. ex Schott: R wendlandii Schott
Grex Pteromischum Schott: P. aurantiifolium
    Schott, P. ligulatum (L.) K. Koch, P. seguine
    Schott, R inaequilaterum Liebm.
Grex Canniphyllum Schott: (no species represent-
   ed)
Grex Glossophyllum Schott: (no species represent-
   ed)
Grex Solenosterigma Klotzsch: R oxycardium
   Schott, R micans K. Koch, R scandens K.
   Koch & Sello = (R hederaceum)
Grex Psoropodium Schott: R tenue K. Koch & Au-
   gustin, R gracile Schott
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Grex Achyropodium Schott: P verrucosum L. Ma-
   thieu ex Schott
Grex Platypodium Schott: P pterotum K. Koch &
   Augustin, P fragrantissimum (Hook.) Kunth
Grex Cardiophylacium Schott: P brevispathum
   Schott, P hederaceum Schott (= P jacquinii
   Schott)
Grex Belocardium Schott: P hoffmannii Schott, P.
   advena Schott, P. acrocardium Schott
Grex Cardiobellium Schott: (no species represent-
   ed)
Grex Meconostigma Schott: (no species represent-



    ed)
Grex Eubelium Schott: (no species represented)
Grex Macrolonchium Schott: (no species represent-
    ed)
Grex Macrobelium Schott: P daemonum Liebm. =
    P sagittifolium Liebm., P sagittifolium Schott,
    P. tanyphyllum Schott = P. sagittifolium
    Liebm.
Grex Imba: (no species represented)
 
 
Grex Oligophlebium Poepp.: (no
   ed)
Grex Doratophyllum Schott: (no
   ed)
Grex Schizophyllum Schott: (no
    ed)
Grex Tritomophyllum Schott: P.
    Schott, P dagilla Schott
 
 
species represent-
 
species represent-
 
species represent-
 
tripartitum (Jacq.)
= P tripartitum
 
 
    (Jacq.) Schott, P. anisotomum Schott
Grex Polytomium Schott: P subincisum Schott, P
    impolitum Schott = P radiatum Schott, P po-
    lytomum Schott = P radiatum Schott, P war-
    szewiczii K. Koch & Bouch
Grex Sphincterostigma Schott: (no species repre-
    sented)
 
 In ail, only 18 of the 135 species of Philoden-
dron included in this 1860 revision were from Cen-
tral America, and 4 of the total were members of
P grex Pteromischum. One of the four species, P
ligulatum Schott, is a member of P sect. Philoden-
dron, which Schott had inadvertently placed in his
grex Pteromischum. Five of Schott's names became
P hederaceum (P. acrocardium, P. hoffmannii, P.
oxycardium, P scandens, and P micans), but the
count was reduced by only four since the name P
hederaceum was involved in two currently accepted
species (namely, P hederaceum and P. jacquinii).
Other reductions are P gracile, which is a synonym
of P tenue; P. daemonum and P tanyphyllum,
which are synonyms of P sagittifolium; P dagilla,
a synonym of P tripartitum; and P. impolitum and
P polytomum, synonyms of P radiatum. Thus
 



 
Schott was dealing with only 16 (16.5%) of the 96
currently known Central American species.
 
ADOLF ENGLER
 
 Little was done with Philodendron following
Schott's death in 1865 until Adolf Engler, working
at the Universities of Kiel and Breslau (and finally
at the Berlin Botanical Garden), began his revi-
sionary work on the Araceae. Schott had laid the
groundwork, describing most of the genera that still
exist today, but he was dealing with only a small
portion of the species. Taking up his first positions
at Kiel and Breslau in 1871, at age 27, Engler
worked with various tropical families on the Flora
Brasiliensis project, publishing and working on a
general review of the vegetative and floral mor-
phology for the entire family (Engler, 1877). Later,
in his powerful position as Director of the Berlin
Botanical Garden, Engler commanded attention
and a wealth of herbarium specimens and living
material from ail over the world during Germany's
preeminent period of domination in the botanical
world preceding World War II. Since Engler was
only 21 at the time of Schott's death, it is not likely
that the two ever met, but Engler would have had
access to some of the same material, including liv-
ing material from the Schonbrunn greenhouses, as
well as Schott's notes and illustrations made over a
40-year period (Engler, 1876). Unlike modern
workers, he had access to Schott's herbarium in Vi-
enna before it was destroyed during World War II.
This is important for a continuum of species con-
cepts in groups often described from inadequate
material of unknown origin and worse yet some-
times destroyed by war.
  Engler's (1878) treatment of the Araceae in Mar-
tius's Flora Brasiliensis included 116 species of
Philodendron, 95 of which were members of P sect.
Philodendron (13 were in P sect. Pteromischum
and 8 in P sect. Meconostigma (Schott) Engl.). Only
47 species of Philodendron were then known from
Brazil. The work also included sectional and spe-
cies descriptions as well as a key to ail existing
species of Philodendron. In this work Engler mod-
ified Schott's system of classification for Philoden-
dron by recasting Schott's "greges" as sections and
reducing the number from 22 to 10. He also syn-
onymized a number of species, reducing the total
from 132 to 116 species. Only a single Central
American species, P oxycardium (= P hederaceum
var. oxycardium) was reported for Brazil, a fairly
accurate picture as we know today. OnIy a couple
of other species, namely P fragrantissimum and P
verrucosum, have been found to range into the Anm-
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azon drainage of South America. Two additional
species, P. glanduliferum Matuda and P. brevispa-
thum, have a subspecies or variety that occurs in
the Amazon basin of South America, but the same
do not occur in Central America.
  In the following year Engler's treatment of Philo-
dendron for A. and C. DeCandolle's Monographie
Phanerogamarum (Engler, 1879) was essentially
unchanged, adding only 3 species to bring the total
to 120. Of these, 93 species were members of P.
subg. Philodendron and 20 of the epithets repre-
sented species currently known from Central Amer-
ica (now reduced to 15 through synonymy).
 The final revisionary effort by Engler on Philo-
dendron published 20 years later (Engler, 1899)
was changed only slightly at the subgeneric level
from the 1878 work. One section was raised to sub-
generic status, and the remaining nine sections
were included in P. subg. Euphilodendron Engl.
(now P. subg. Philodendron). Despite minor
changes made by Krause (1913), it is essentially
Engler's classification that persists almost a century
later. Engler's (1899) revision was substantially
larger than Schott's last revision. Engler's revision
contained 167 species, 134 of them in P. subg.
Philodendron, with 23 reported for Central America
(reduced to 15 species through synonymy in this
revision). One species, P. purpureoviride Engl., re-
ported for Ecuador, is now known for Central Amer-
ica.
 The species of P subg. "Euphilodendron" in-
cluded in Engler's (1899) revision broken down by
section for Central America are listed below:
 
P sect. Pteromischum Schott: P. aurantiifolium
    Schott (as synonym of P guttiferum Kunth), P.
    guatemalense Engl., P. inaequilaterum, P. se-
    guine, P. talamancae Engl.
P. sect. Baursia (Rchb. ex Schott) Engl.: P wen-
    dlandii Schott



P. sect. Polyspermium Engl.
 "Gruppe" Platypodium Schott: P. pterotum
 "Gruppe" Solenosterigma Klotzsch: P. oxycardium
      (= P. hederaceum var. oxycardium), P. pur-
      pureoviride (as P. purpureoviridis from South
      America), P. micans K. Koch (= P. hedera-
      ceum var. hederaceum forma micans), P. scan-
      dens (= P. hederaceum var. hederaceum)
 "Gruppe" Cardiobelium Schott: P. brevispathum, P.
      gracile (= PR tenue), P schottianum, P. tenue
 "Gruppe" Achyropodium Schott: P. verrucosum
P. sect. Oligospermium Engl.
 "Gruppe" Macrobelium Schott: P. sagittifolium,
      P. daemonum, P. sanguineum Regel (= P
      sagittifolium), P. mexicanum Engl.
 
 
  "Gruppe" Belocardium Schott: P ligulatum
      Schott, P. advena, P. subovatum Schott (=
      P. advena), P. smithii Engl.
  "Gruppe" Oligocarpidium Engl.: P. pittieri Engl.
      (= P. hederaceum)
P. sect. Tritomophyllum (Schott) Engl.: P. anisoto-
    mum, P tripartitum, P. fenzlii Engl. (= P. tri-
    partitum)
P. sect. Schizophyllum (Schott) Engl.: no species
    represented
P. sect. Polytomium (Schott) Engl.: P augustinum
    K. Koch (= P radiatum), P. radiatum Schott,
    P. warszewiczii K. Koch & Bouch
P. sect. Macrolonchium (Schott) Engl.: P. fragran-
    tissimum
P. sect. Macrogynium Engl.: P. hoffmannii Schott
    sensu Engl. (= P. jacquinii Schott)
 
  The turn of the century saw major activity with
Philodendron, no doubt due to Engler's just pub-
lished revision. Engler made no changes in his re-
vision but went on to publish 26 additional species
(Engler, 1905b). In addition, seven species were
described by Alfred Barton Rendle, Ignaz Urban,
Ambroise Gentil, and N. E. Brown between 1901
and 1908.
 
KURT KRAUSE
 
  Kurt Krause, who began working with Engler at
the Berlin Botanical Garden on 1 January 1905,
described two additional species before preparing
his revision of Philodendron for Das Pflanzenreich
(Krause, 1913). The latter remains the most recent
revision of the whole genus. Krause's revision is a
slightly reworked version of Engler's (1899) revi-
sion but did include the description of a new sec-
tion, P sect. Camptogynium, with a single species
in P. subg. Philodendron ("Euphilodendron") and
included 55 more species. There were 32 other new



species published in P. subg. Philodendron. Six of
these were in P. sect. Pteromischum (P. subg. Pter-
omischum), while one was in P. subg. Meconostig-
ma. The remaining 25 were in P. subg. Philoden-
dron. Most were members of P sect. Baursia and
P. sect. Polyspermium (Philodendron) with a single
species each in the following sections: Oligosper-
mium (Calostigma), Schizoplacium, Macrolon-
chium; and three species in P sect. Polytomium.
Only two species, P. grandipes K. Krause and P.
panamense K. Krause (both in current P sect.
Philodendron), were from Central America. Krau-
se's treatment of P. subg. Philodendron included the
following sections and species for Central America
(or at least now known from Central America):
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d mustum G.L  . Buntng, P. ltancgerum Standi. &
L. O. .  llam t = H P s ,ugJUltuim), P l'.sagmt1 wn



Matuda t= P. rvnexanum>. P. lundellu Bartlett ex
Lundell = P jwqunusn, P m crostwrtum Standl. &
L O. Willian. P mduo a  Matuda = P hedera-
<rcn, P. m   trnc um Standl. & L O. Williams (= P
pterotum K. Koch & Augustin), P. montola Ma-
tula = P adrna, P platrpetslatum Madison, P.
plitoneurwn Stand. & L O. Willham <= P. gran-
dip.s K. Kraust), P. psewudradatum Matuda (= P.
radiatum var. lsudoraduiatnmn Matuda) CroatI, and
P. truectum Standi. (= P. aniotomum).
  Three additional species were described in
Philodendron but actually pertain to other genera
(see under "Excluded Nainest).
  Many of the other taxa in Krause's revision were
synonymnized or reduced in rank, and only 11 taxa
in P. subg. Philodendron remained. These were: P.
brenesii, P radtrtum var. pseudoradiatum, P auri-
culatum, P. me rumtutcm, P. basir, P. glanduliferu.n,
P. dresslern, P. jodar uinum, P. platyperiolatum  P.
d•idstnii, and P strictum.
  Most of the Central American floristic work oui-
side of Mexico was carried out by Paul C. Standley,
often working wilh his associate Louis O. Williams.
Standley worked initially ai the Smithsonian and
later ai tht Field Museum in Chicago, then at the
herbariumn of the Escuela Agricola Panamericana,
where he died ai Zamorano in Honduras. Standley
de-cried P. brenesi and P trisestum (= P aniso-
tomun Se'hoIt) alone, and with L. O. Williams he
also provided the following epithets: P armigerum
(= Syngonium armgerum (Standl. & L. O. Wil-
liams) Croat), P aurtulatum, P. bre inodum (=
Monstera tuberculata Lundell var. brevinoda
(Standl. & L. O. Williams) Madison), P hItstiferum
(= Syngomnium hasteferum), P. laneigerum (= P
sagiUlfblium), P microstiwtum, P mirificum (= P
pterotum), and P plestoneurum (= P. sagitifolium).
It is unusual that despite the fact that there were
many undescribed species of Philodendron subg.
Philodendron in Costa Rica and Panama, these
workers did not succeed in describing many of
them since of the nine described, three proved to
belong to other genera, and three others proved to
be synonyms of existing Philodendron naines. This
is particularly surprising since both Standley and
L. O. Williams were astute observers who were very
familiar with the Central American flora in general.
Their mistakes point out the complexity of the tax-
onomy of Araceae and the bewildering array of ma-
terial available to them at that time. Even when I
began my own work with the Araceae in the late
1960s there were few specimens (aside froin types)
that proved to have the correct names. Specimens
 
 
were often poorly preserved and inadequate, and
virtually ail lacked good field notes. Either fild



observations or well-prepared field notes describing
asptets of the plants not available on dried plants
are essential to the proper understanding of Philo-
dendron and other Araceae. 1 believe that it is pos-
sible that this confusion, coupled with the dearth
of well-prepared specimens and the paucity of
types of Araceae, discouraged workers from making
decisions about which species were new.
  Perhaps owing to the difficulty with the genus,
local floras in Central America were often inade-
quately done, even if one considers that fewer spec-
imens were available to the authors than today. The
treatment of the Flora of Panama (Standley, 1944),
for example, is woefully inadequate considering the
small percentage of the total aroid flora that is cov-
ered compared to what is now known to exist.
  In his treatrnent of some genera Standley (1944)
seemed too willing to accept epithets of species de-
scribed in Colombia, regardless of how well they
"fit" Panamanian species. As a result many species
nanmes in genera such as Anthulrum, for example,
were wrong. His treatment of Philodendron subg.
Philodendron was much better from the standpoint
of correct namines, but he treated only 8 of the 104
taxa (7%) of Philodendron subg. Philodendron now
known for Panama. Only one species, P hoffmannii
(now P. jacquinii), had the wrong nainme. Philoden-
dron jacquinii was also mrisapplied, being intended
by Standley for P. hederaceum. The other species
he included in the Flora of Panama were: P. bre-
nesii. P brevrspathum, P grandipes, P. panamense,
P. radiatum, P tripartitum, and P wendlandii. He
did not do o well with inembers of P. subg. Pter-
omischum, where P. karstenianum   Schott was a
mixture of two species and P guittferum was a mix-
ture of three species. Perhaps the most curious
thing about Standley's Flora of Panama treatment
is that by 1944, after Robert Woodson and his col-
laborators had already made several expeditions to
Panama, so few of the new species included in the
prsent revision had been collected. Standley had
collected some of the new species but failed to rec-
ognize them as new. These included: P crassispa-
thum (Standley & Valerio 51910), P findens (Stan-
dley &   Torres 52355), P. purulhense (Standley
89902), P. strictum (Standley 51371), P. verapazense
(Standley 91978), and P. wilburii var. wilburii
(Standley 383X00). See discussion of those species
for additional details. See also section on "Collect-
ing History of P subg. Philodendron."
 The Flora of Guatemala (Standley & Stevermark,
1958b) was much more accurate and complete in
the percentage of the total taxa of P. subg. Philo-
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dendron included. However, this probably bas less
to do with the fact that it was published 14 years
later than it does with the fact that there are fewer,
generally more widespread species occurring there
than in Panama. The Flora of Guatemala treated
11 species of Philodendron, 8 of them members of
P subg. Philodendron. These were: P anisotomum,
P. hederaceum, P hoffmannii (= P jacquinii), P.
radiatum, P. sagittifolium, P smithii, P. tripartitum,
and P warszewiczii. With 50% of the present total
taxa included and with ail but one of the taxa still
properly bearing the naine, the Guatemala treat-
ment remains generally more useful than that of the
Flora of Panama. Added to the flora since the 1958
revision are: P advena, P. fragrantissimum, P glan-
duliferum, P jodavisianum, P mexicanum, P pu-
rulhense, and P verapazense.
  The Flora of Guatemala (Standley & Steyermark,
1958b) treated P. hederaceum correctly but treated
P jacquinii under its synonym, P hoffmannii. Cu-
riously, however, the illustration used represents
both species. The leaf and stem seem clearly to be
P hederaceum, but the inflorescence clearly shows
the long-protruded styles of P. jacquinii.
  Standley's (1937) treatment of the Araceae of
Costa Rica was reasonably good, partly because
many species had been described by Schott from
collections made by H. Wendland in Costa Rica.
Other widespread species whose taxonomy had
been well established were also a part of the flora.
Properly named Costa Rican species recognized by
Standley were: P brenesii, P. ligulatum, P. pterotum,
P radiatum, P. schottianum, P. tripartitum, P ver-
rucosum, and P wendlandii. Species now synony-
mized are: P gracile (= P tenue), P hoffmannii (=
P. jacquinii), P pittieri (= P. hederaceum), and P.
trisectum Standl. (= P anisotomum). It has never
been determined which species he included under
the name P. panamense, but that species is not
known for Costa Rica. Thus, with 8 out of the 13
names correct and 3 additional species that at least
represent synonyms of currently recognized spe-
cies, Standley did pretty well. However, with only
13 of the current 49 species treated (26%), the



treatment was no more complete than that of the
Flora of Panama, which was written a few years
later.
  Though no other floristic taxonomist had such a
prominent role with Central American Philoden-
dron as Standley, there were others who described
Philodendron during the course of their floristic
work.
  Ivan M. Johnston of the Arnold Arboretum de-
scribed Philodendron erlansonii (= P. jacquinii)
and P harlowii (= P hederaceum) while working
 
 
on the fora of San Jos Island (Johnston, 1949) of
Panama.
 In Mexico, Eizi Matuda, the local aroid special-
ist, described seven species (Matuda, 1954): P.
apocarpum (= P. jacquinii), P. basii, P. glandulifer-
um, P latisagttium (= P. mexicanum), P. miduhoi
(= P. hederaceum), P. monticola (= P advena), and
P. pseudoradiatum (= P radiatum var. pseudora-
diatum); and George Bunting described four spe-
cies during his investigations of Mexican Araceae
(Bunting, 1965): P. dressleri, P jamapanum (= P.
advena), P jodavisianum, and P tuxtlanum G. S.
Bunting (= P sagitifolium).
  Matuda's treatment of the Philodendron in Mex-
ico (Matuda, 1954) dealt with 16 species, 13 of
them in P. subg. Philodendron. While a number of
the species had the correct naines, e.g., P. advena,
P mexicanum, P. pseudoradiatum, P radiatum, and
P. tripartitum, others had synonymous names, e.g.,
P sanguineum and P. daemonum (both currently
recognized as P sagittifolium). Matuda also recog-
nized P mexicanum under three different names,
namely P mexicanum, P. latisagittatum, and P
sagittifolium (a distinct species that he treated as
both P daemonum and P sanguineum (a currently
recognized naine improperly used; see above). Ma-
tuda redescribed two species using the names P
apocarpum and P miduhoi (currently P jacquinii
and P hederaceum, respectively). Finally, he de-
scribed P monticola (now considered synonymous
with P advena).
  Other Central American species of P subg.
Philodendron published since the time of Krause's
revision and prior to the beginning of this project
in 1986 are P davidsonii and P platypetiolatum,
the latter described from Ecuador during Mike
Madison's extensive work with the flora of Ecuador
during his tenure at the Selby Botanical Garden.
Thus, up to the initiation of the current study, only
26 species in P. subg. Philodendron were described
for Central America. With 96 species of P subg.
Philodendron now known for Central America, this
registers an increase of 70 species or a 270% in-
crease.



  Of the species of P subg. Philodendron de-
scribed since Krause's revision (not including the
present effort) only seven were described by non-
specialists (I. M. Johnston, P. C. Standley, and Stan-
dley and L. 0. Williams). Standley, together with
L. 0. Williams, described most of the new Central
American species and wrote most of the floristic
treatments of the Araceae for Central America. De-
spite his extensive experience, I do not believe that
Standley fully understood the diversity of the Ara-
ceae. This is because he failed to recognize a rel-
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atively large number of species that were new to
science. In Standley's defense it must be stated that
the Araceae are a particularly complex family with
so much interspecific variation that proper deci-
sions often cannot be easily made without direct
comparisons of living material. In addition, collec-
tions in the past often had few or no field notes to
use for study.
 
COLLECTING HISTORY
 
  In addition to the history of revisionary efforts it
is instructive to consider the collecting efforts in
Central America that have laid the groundwork for
the scientific work done with Philodendron subg.
Philodendron. Perhaps owing to their sometimes in-
timidating size, the difficulty of retrieval, and cer-
tainly due to the difficulty of preparing and drying
specimens, members of P. subg. Philodendron have
never been popular with botanical collectors. The
early neotropical collectors, i.e., Ruiz and Pavon,
Sess and Moifto, Triana and Planchon, and others
collected few Araceae (or at least few survived to
modem times). Eduard Poeppig, working in Peru,
and Richard Spruce, working in the Amazon region
of Brazil, did somewhat better, collecting a number
of new species. In Central America few collectors
made many collections until modem times. Even



Standley and Julian A. Steyermark, two of the most
prodigious collectors in the region, did not make
many collections of Araceae. Both gathered well
over 100,000 collections in their careers. Yet in ail,
Standley made only 146 collections of P. subg.
Philodendron, comprising 21 species in all of Cen-
tral America. Of this total only 6 of the collections
(these previously mentioned) proved to be unde-
scribed species, none of which Standley recognized
as new. Standley was not avoiding collecting Philo-
dendron because they constituted a lot of work to
press. This is demonstrated by the fact that he col-
lected P. radiatum 13 times and P. warszewiczii 12
times. These are among the most difficult plants to
prepare owing to their huge size and fleshy parts.
 That so few new species of Philodendron were
collected was apparently due to the fact that in ear-
lier times relatively few roads led into areas of wet
forest.
 Matuda, working exclusively in Mexico and con-
centrating on Araceae, accrued 27 collections of P.
subg. Philodendron and only 1 of these, P glan-
duliferum, proved ultimately to be new to science.
George Bunting, also working only in Mexico (un-
der the numbers of Harold Moore of Cornell Uni-
versity), made 36 collections of P. subg. Philoden-
 
 
dron, including 2 new species (P. dressleri and P
jodavisianum).
  Steyermark, though collecting many more Philo-
dendron in Venezuela later in his career, collected
only 26 Central American P subg. Philodendron,
comprising 9 species, none of which were new. L.
0. Williams, who also worked on the Flora of Gua-
temala and collected for many years in Guatemala,
Honduras, and Costa Rica, made only 14 collec-
tions of P. subg. Philodendron. Two of these were
species that remained undescribed until this work,
namely Williams 628 (P. sulcicaule) and Williams
28387 (P. wilburii var. longipedunculatum Croat &
Grayum). Percy Gentle, collecting in Belize, made
20 collections. The Philodendron subg. Philoden-
dron collections of Pittier in Costa Rica totaled
nine, none representing new species. Adolf Tonduz,
also working in Costa Rica, made only five collec-
tions of this group. Alberto Brenes made four col-
lections in Costa Rica between 1926 and 1932. Two
of them, P. brenesii and P. bakeri, proved to be new.
Paul Allen made five collections of Philodendron
in Costa Rica, four of which were described as new
(though two were subsequently synonymized).
Aside from these few collections of new species
mentioned above, no other new species were col-
lected until the early 1960s. Roy Lent, living in
Costa Rica and collecting between 1964 and 1971,
made 24 collections of P. subg. Philodendron, in-



cluding 5 new taxa. These are: P. lentii Croat &
Grayum, P. hederaceum var. kirkbridei, P strictum,
P. thalassicum Croat & Grayum, and P. wilburii var.
wilburii. W. C. Burger, collecting in Costa Rica be-
tween 1968 and 1986, in part with one-time aroid
specialist Richard Baker, made 56 collections of P.
subg. Philodendron, including 5 new species, P.
bakeri, P. chirripoense, P. crassispathum, P. thalas-
sicum, and P. wilburii.
  Though Panama is even richer in Araceae than
Costa Rica, the collecting activity there was not
particularly rewarding. The Philodendron collec-
tions of H. von Wedel, who worked in Bocas del
Toro Province in Panama, totaled only seven. Rob-
ert Woodson and his collaborators, Paul Allen, and
Carrol Dodge collectively made only 11 collections
before the Flora of Panama project was begun.
This occurred in a country that proved to have 96
species, 65 new to science.
  Even James Duke, who regularly got into areas
of wet forest in many parts of Panama, made only
four collections of P. subg. Philodendron, none of
them new.
  Collecting activities begun by Walter H. Lewis
and staff from the Missouri Botanical Garden in the
early 1960s were more aggressive by using heli-
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Blgtr andti Nttoln (14991 let Eigler's subfamily
Philtrenduridtane intact, but Grayum (19841 made
ubtaunitive cht-anges tincluding an incorporation of
the suHamdly C<alloidear and the Calocasioidea
(thus forcing a change in th subfamnilial nane to
Calloideaer, becaue of nomenclatural priority). The
subfanuly ia dividre into \ephthvti, Aglaonema.
Pehandra, and Philodendron Alliance.. In Gra-
yum'. systetm. Phiodenedron, in its own trie Phil-
tlendrtae, onginally saret the alliance with thet
tribes Spathict-areae, Dieffenbachieae, and Bogner-
eat. Both  effenbac-h•   anti Bognera are in their
own trinbtw but the Spathicarpeae have eight smnall
genera nostly occurrng in southern Suth Ameri-
ca: .sterwstigm:a. (earum, Gtrgoniun. Malangoniut
Spathanthe•uni.  thwarpa, Snundrospadix. and
Taccarnm. Grayum ( 1990 later placed Philoden-
dron close to Homnalomeninae and the African gen-
era Culc(ru  and Cercestu (which had theen placed
in the Pothoideae and Lsioideae. rrspectively. by
Engler). They ail share similar stem and stamren
vasculature as well as extrafloral nectaries and res-
in canais in their roots and a sclerotic root hypo-
dennis. Most excluding Hlomalomeninae> also lack
an anther endothecium that is prrsent in ail other
Araceae <Grayum. 1990. Grayum belirved that the
Philodendroideae ar a sister group to the Pothoi-
deae tincluding Engler's Monsteroideae). which
have in common the exclusive characteristics of ge-
niculate petioles. cork formation in aerial roots.
compound vascular hundles. collateral bundles,
and other features (Grayum. 1938).
  While there is reasonahle agrieemnt on the clas-
sification of tribes and subtribes, subfamnilial con-
epts are still evolving. A comparison of the major
systemns of classification at the suprageneric level
was made by Croat (1990l1992}). It included the
systems of Hotta (1970). Grayum (1990), and Bog-
ner and Nicolson (1991).
  Phenetic analysis on the Philodendroideae by
Mayo (1986) shows Philodendron to lw distinct but
without any definitive diagnostic features with
which to distinguish il completely from other gen-
era. He reported the genus to be only distantly re-
latel to other genera in the subfamily but that its
closest relatives were the African genera Culcasia



and Cercestis. In his survey of sclerotic hypodennis
in the romts of Araceae, French (1987a) provided
evidence to link Philodendron to the West African
genera Anutias, Culcasia, and Cercestis and the
neotropical Montrichardia.
  More recently, in an attempt to bridge differences
in the systems of Bogner and Nicolson, Grayum,
and Hay and Mabberley (1991), Mayo et al. (1995)
conducted another sweeping survey and produced
 
 
a cladistic analysis. While  aiainaiing essentially
the saie alliances suggested by Gravum (1990),
Mayo et al. (1995) placed ail araceous genera with
unisexual flowers in subfamily Aroideae. Philoden-
dron is placed in tribe Phil(oendreae in the Philo-
dendron Alliance, along with tribe Homnalomeneae
with Furtadoa and Homalomena and tribe Anubi-
adeae (Anubias only). Their cladistic analysis also
shows Bognera to be a close ally of Dieffenbachia.
  Another cladistic analysis resulting from a study
of chloroplast DNA restriction site variation in the
Ariflorae by French et al. (1995) places Philoden-
dron as a sister group to Homalomena, suggesting,
according to Grayum (1996), that Homalomeninae
is paraphyletic. According to French's findings, An-
ubias is a sister taxon of Homalomena, Furtadoa,
and Philodendron taken together, while Montri-
chardia is a sister taxon to ail four of these genera.
  While questions still remain about the closest
generic relatives of Philodendron. the classification
by Mayo et al. (1995) has taken into account ail
the evidence to date including the extensive mo-
lecular studies by French.
  Tha genera of Araceae most easily conrused with
P suhg. Philodendron are Homalomena and Dieffen-
bac-hi, with SchLmaloglottrc coming a distant third.
Despite the somewhat more distant placement of
Dieffeniachia from Homalomena, herbarium mate-
rial of Dieffenbahia is most easily confused with
Philodendron, soinmeties requiring the opening of
the spathe to detennine the genus. Since the pistil-
late flowers of Dieffenhachia are distant from one
another, surrounded by clavate staminodia and borne
on a spadix that is fused throughout ils length to the
spathe, while those of Philodendron are closely com-
pacted, devoid of staminodia, and borne on a spadix
that is largely free from the spathe, separation from
Dieffenbahhia i is mmdiate as long as the flowers are
visible. Dried sterile material without field notes de-
noting terrestrial habit (consistently true of Dieffen-
bachia, but rarely so of Philodendron) or scent (usu-
ally foui and of oxalic acid in Dieffenbachia) are
much more problematic. Diefenbachia leaf blades
are rarely ovate and never truly cordate, whereas this
blade shape is common in Philodendron. Philoden-
dron may, however, have blade shapes that closely



match those of some Dieffenhachia. If the petiole is
well preserved the presence of the petiole sheath is
the best means to separate Dieffenhachia and P
subg. Philodendron; the latter generally has a very
short sheath, while it is rare that the sheath of Dief-
fenbachia does not extend to the middle or above the
middle of the petiole.
  Live material of neotropical Homalomena is not
easily confused with Philodendron because the for-
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mer usually has anise-scented sap, while Philoden-
dron usually has a distinct turpentine-like aroma,
sometimes also like fresh carrots, but never anise-
scented. Philodendron and Homalomena may have
similar leaves, but the latter often has pubescence
on the blades and pubescence and/or scales and
spines on the petioles. These two genera have sim-
ilar inflorescences with unisexual flowers, sterile
and fertile sections of the staminate portion of the
spadix, and a close arrangement of pistillate flow-
ers, not to mention the similar constricted spathe
that persists after anthesis. However, Homalomena
can usually be determined by the presence of min-
ute, club-shaped staminodia sparsely scattered
among the pistils.
  Sterile specimens of neotropical Schismatoglottis
may be confused with Philodendron by the novice
because the two genera share similar venation.
However, Schismatoglottis always occurs terrestri-
ally, often in somewhat marshy situations where
Philodendron rarely occurs. In fertile condition
they are easily separated by the spathe promptly
dehiscing above the tube in Schismatoglottis, with
the staminate portion of the spadix falling free. By
contrast, in Philodendron the spathe is thick and
persistent, usually reclosing over the staminate por-
tion of the spadix, which in turn rots away inside,
never really falling free until the spathe opens in
fruit.
  Sterile material of Spathiphyllum has been con-
fused with Philodendron, but that genus differs by



its consistently terrestrial habit, long-sheathed pet-
ioles (exhibited in Philodendron only in P subg.
Pteromischum), the presence of trichoscherieds,
and by its distinctive, closely spaced primary lat-
eral veins.
 
INFRAGENERIC RELATIONSHIPS
 
  Philodendron is currently divided into three sub-
genera. A subgeneric system of classification for
Philodendron was proposed as early as 1832 by
Schott, who recognized four unranked groups: Eu-
philodendron, Calostigma, Meconostigma, and
Sphincterostigma. The latter two were combined by
Engler (1899) as P subg. Meconostigma. Schott's
Calostigma was later called P sect. Oligospermium
Engl. (Engler, 1878) and is once more called P.
sect. Calostigma [(Schott) Pfeiffer] (Mayo, 1990).
Euphilodendron became P sect. Polyspermium in
Engler's Flora Brasiliense treatment in 1878 and
must now be treated according to the Code (Greuter
et al., 1994) as P sect. Philodendron (Mayo, 1990).
  It was not until Kunth's (1841) treatment that
members of what are now called P subg. Pterom-
 
 
ischum were removed from Monstera and placed in
Philodendron. Schott recognized Pteromischum as
a grex in his 1860 Prodromus, and Engler first rec-
ognized the species occurring in this group as P
sect. Pteromischum in his Flora Brasiliensis treat-
ment (Engler, 1878).
  Phylogenetic and phenetic analyses by Mayo
(1986, 1988) have shown Philodendron to have
three subgenera distinct in vegetative and floral
morphology, floral anatomy, and to some extent by
distribution. Philodendron subg. Meconostigma,
with a predominantly southeastern South American
distribution, is highly apomorphic but cladistically
primitive in the genus (Mayo, 1990). Based on a
study of gynoecial morphology Mayo considers P
subg. Meconostigma to have evolved in eastern Bra-
zil as a group adapted to open habitats and later
spread into the more humid Amazon basin. By the
same standard he assumed that P subg. Philoden-
dron and P. subg. Pteromischum also arose later
and became predominant as hemiepiphytes in hu-
mid forests. He considered P. subg. Pteromischum
to be a sister group to P subg. Philodendron and
that P. subg. Philodendron is the most advanced of
the three subgenera. The geological history of the
continent would probably support this since eroded
mountain plateaus of eastern Brazil are much older
than the current land surfaces of the Amazonian
basin. Most of the species of the genus, now so rich
on the Andean slopes of northern and western
South America, surely must have evolved since the



Andes arose during the late Cenozoic.
  Mayo elevated P sect. Pteromischum to the sta-
tus of subgenus (Mayo, 1989) and Grayum (1996)
subdivided the subgenus into two sections, P. sect.
Pteromischum (Schott) Engl. with sylleptic4 sym-
 
 
 4 Sylleptic shoots are shoots that develop from lateral
meristems without any cessation of activity after initiation,
i.e., growth is continuous with the lateral shoot usually
taking over from the main axis, which terminates in flow-
ering in most Araceae genera. Sylleptic sympodial growth,
characteristic of P subg. Philodendron, results when
branching occurs from a non-resting lateral bud such that
the existing stem with its terminal inflorescence is im-
mediately overtopped by continued growth of the axillary
branch in a manner that makes it appear that the growth
of the stem is indeterminate and that the inflorescences
produced appear to be axillary to the leaf produced by the
ncw stem segment. This type of growth, though in reality
a series of branches, each with a single cataphyll (prophyll
of Ray), a single stem segment, and a single leaf (sym-
podial foliage leaf of Ray; metaphyll of Grayum) and ter-
minated by an inflorescence, appears to be an unbranched
stem producing a continuous series of cataphylls, and a
continuous series of what appears to be laterally attached
leaves each with an axillary inflorescence (see fig. 3 in
Ray, 1987b).
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podial growth and P sect. Fruticosa Grayum with
proleptic5 sympodial growth (Ray, 1987b), a growth
form that is rare in the family, known only in Alo-
casia and a few species of Monstera (Grayum,
1996).
  Philodendron subg. Philodendron is difficult to
define and is primarily distinguished by its nega-
tives, i.e., it lacks the specific characteristics of P.



subgenera Pteromischum and Meconostigma (see
key to subgenera below). There are relatively few
members of P subg. Philodendron with a pachy-
caulous habit common to so many members of P.
subg. Meconostigma, i.e., with very stout, generally
erect stems and possessing conspicuous leaf scars.
Philodendron subg. Philodendron also lacks the
conspicuous, more or less triangular scales borne
in the leaf axils of P subg. Meconostignm. Though
sometimes obvious (Fig. 11) in P subg. Philoden-
dron, they are usually small and inconspicuous and
fall early. The species most similar to P subg. Me-
conostigma is P warszewiczii, but another species,
P basii, is similar in being large with a thick, erect
stem.
  Species of P subg. Pteromischum have subtle
characteristics that to the expert permit immediate
recognition. These characters include the slender,
somewhat woody, brittle stem, a conspicuous peti-
ole sheath, thinner blades with rather pronounced
primary lateral veins, the presence of interprimary
veins, and the frequent presence of raphide cells
or stitch-like markings. Another feature that is of-
ten useful in separating P. subg. Pteromischum from
P subg. Philodendron is the much higher incidence
of asymmetrical leaf blades in the former. Species
with asymmetrical (especially at the base) blades
are not common in P subg. Philodendron. Some
species of P subg. Philodendron may have oblong
to elliptic, non-cordate blades like those of P subg.
Pteromischum, but they never have the fully
sheathed petioles of the latter (except in juvenile
condition, which may confuse the non-expert).
  The three subgenera of Philodendron in general
can be most easily separated by the characters pre-
sented in the following key (modified after Mayo,
1991).
 
 
  • rolepoer srm.plial ygruth, characterrslti of mem.ers-
of Phiadendron .'lx. Fruituosa (I;raum. 19•>. results
when branching occurs fromn a bd that has r estel. relatre
to the parent shool, so that th, laierai bhranch dus nfo
appear until well afer the infloresence has se fruit and
fallen off. inThs th in floreence appear Ib e terminal.
nol axillani as in sylleplic s•m11lial growmh. Th.e 1rsl fi4-
internodes in pfi lept(i growth ar ve.4n hor(. lark ibNds.
and prosluce a 'onmeutive ris of at"aphIlls or treduce
lea>s tw e fig. 2 in Ray,. 194•Th.
 
 
KE y TO THE SI BiENERA OF PHIUwnDEinRO
la. Stem of mature flowering plants wilh a suoees-
   sion of many leaves terninaled by a soliary or
   conmmonly several inflorescences; petioles with
   long sheaths narrowly encircling th stlemn at their
   hse                       P. ubg. Pieromi rhum



lb. Stem of mature flowering plants wilh a sucres-
   sion of short symlpodial segmnents ea<'h tearing a
   cataphyll and a single leaf wit he h  inflores-
   cen'e"s) I to nany an aa~Saring lo h Ixrner in
   thi leaf axils; pe1tlioles of 1adui plants wilh si.ort,
   usually inconsipicu mus ptiol sheath ani l nne
   on the sile of the temn, not encirnlhug i t a the
   hase.
   2a. Stemns often arborestent; .tamiontial zone
       'Iwtwern srnaminate and pislailale zrones of lthe
       sp|alix st.ulubeqal or longer than fertile aone;
       stanmens usually at least 3 limnes longer than
       hroad                 P suhag. Mer onoutgma
   2h. Stems rareiy arMr (.rrent, oflen  tanifenl;
       stamintMlial zone beItween stlaminiati ami pis
       tillate zones of spldix munh shorter than tlht
       fertile staminate ane; 4tamiens Ises ihan 3
       tnies ihmger than Lroad
                             PI subg. Phl, I ndrnm
 
  There are also a number of anatomical charac-
teristics separating the subgenera. Vegetative buds
of Philodendron subg. Philodendron are always lo-
cated below the point of overlap in the sheath mar-
gins of the cataphyll, whereas they are lacking in
P. subg. Pteromischum (Ray, 1987b). Philodendron
subg. Pteromischum is distinct in having a style
with a shallow compitumr with a subepidermal con-
centration of raphide crystals (Mayo, 1986, 1989)
and a total lack of tannin cells in the stamens
(Mayo, 1986). In addition, while hypophyllous
stem segments are typical for P subg. Philodendron
they are ambiphyllous," hyperphyllous", or pera-
phyllousl" in P subg. Pteromischum. Philoendnro
subg. Philodendron is characterized by having con-
tinuous parenchyma from the cortex to the center
of the stem. In contrant, P subg. Pteromischum has
a central cylinder with a solid ring of filers around
it.
  While not definitive, there are a nuinm r of olher
featur+e that normally are useful to separate P.
 
 ST11e commmn (tdep-resion tha.t eads ao inassdual stylar
canals.
   I Hpophvlloy s steml egments a-r those thos1 in 'whn h
the ptinole War iboters th II' Iower elige oIf lhe sgment (ter
figs. 3. 7 in liay. l T7b•.
   * Ambiphillous stern wgnments are  s hori that the pet-
ole sars horrlr on toth endis of lhe stem segment (s'
figs. 9-. i n Rtas. I9B7i .
 SHyperph  llots ste ••gmenlnts' he the pjetiole swar at
the u|ppe edge no the steni ewgnt wsr1e fig-. 2. 8 in Ha%.
 
   jPeralphilhus steni w4ar are" thoer in s hich thr inter-
mde 'uilerietiing thf ltiet llr "s clotngd J.ae nd al -supnr <e.tI
the Ioinnt of alachnment*" 4ity. 1471b.
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subg. Pteromischum. Its blades are typically more
or less oblong, moderately thin, and typically more
inequilateral than those of P. subg. Philodendron.
The stems of P. subg. Pteromischum are commonly
less than 1 cm in diameter and frequently with
rather long internodes. While there are many mem-
bers of P. subg. Philodendron with more or less
oblong leaf blades, blades of most species are cor-
date or subcordate at the base. Many members of
P. subg. Pteromischum have stems that branch and
spread away from their support before flowering;
this behavior is rare in P. subg. Philodendron.
  Because of the usually conspicuously sheathed
petioles of P. subg. Pteromischum, the subgenus is
more likely to be confused with sterile specimens
of Rhodospatha than with the oblong-bladed spe-
cies of P. subg. Philodendron (and in such cases
the presence of trichosclereids beneath the epi-
dermis of Rhodospatha easily distinguishes it from
Philodendron).
 
RELATIONSHIPS WITHIN P. SUBG. PHILODENDRON
 
  Discussion of subgeneric classification. Any at-
tempt to revise the subgeneric classification of
Philodendron subg. Philodendron is frustrated by
the lack of morphological characteristics that
correlate with one another throughout the sub-
genus. Engler (1899) separated the species of P.
subg. Philodendron primarily on the basis of leaf
shape, leaf blade venation, and the nature of the
pistil (i.e., number of locules per ovary, type of
placentation, and number of ovules per locule).
Most sections, ail moderately small ones, were
separated on the basis of leaf morphology. These
are: P. sect. Tritomophyllum, P. sect. Schizophyl-
lum, and P. sect. Polytomium. Two sections, P.
sect. Macrogynium and P. sect. Camptogynium,
are based on the nature of the pistil. Following a
cladistic analysis of a relatively small number of
species, including some in P. subg. Philoden-



dron, Mayo (1986) concluded that Philodendron
should be divided into two to three sections in-
stead of the existing nine sections in the genus.
While I agree that P. sect. Macrolonchium should
be reduced, I think that a cladistic analysis mak-
ing use of the leaves as well would justify the
existence of the remaining sections recognized by
Krause with the possible exception of P. sect.
Camptogynium, which was not studied by Mayo.
  The most time-honored way to separate species
in P subg. Philodendron is based on number of
ovules per locule, a system first devised by Engler
stemming from his first revision of Philodendron
(Engler, 1878). Engler used the number of ovules
 
 
per locule to separate two large groups, which he
called P. sect. Polyspermium and P. sect. Oligosper-
mium (now P sect. Philodendron and P sect. Ca-
lostigma, respectively). These two sections together
comprise the largest percentage of species in the
subgenus. As they are constituted they are very di-
verse morphologically, and it is possible that the
number of ovules per locule will not prove to be
reliable for separation at the sectional level. It is
possible that species with relatively few ovules or
solitary ovules may have evolved independently
several times from ancestors with numerous ovules
having axile placentation. Since it has not yet been
determined if this is the case, the classification sys-
tem used here will in general be conservative.
  Krause (1913) closely followed Engler's sectional
revision. His P sect. Philodendron (as P sect. Poly-
spermium) consisted of species with axile placen-
tation and "many" ovules per locule, while P sect.
Calostigma (as P sect. Oligospermium) consisted of
those species with sub-basal (or less frequently ba-
sal) placentation with "1 or few" ovules per locule.
Since the time of the last revision of Philodendron
many species have been added, and the distribu-
tion of ovules per locule for ail species now forms
a more complete continuum. There is still a signif-
icant correlation between axile placentation and
moderately large numbers of ovules per locule and
the converse, basal and sub-basal placentation and
relatively low numbers of ovules. Both P. sect.
Philodendron and P. sect. Calostigma will be dis-
cussed below.
  While these two groups, P sect. Philodendron
and P sect. Calostigma, constitute the largest per-
centage of Central American species, several other
sections are separated on the basis of leaf shape,
venatibn, and style type (see above key). Each of
these will be discussed in turn, despite the fact that
some do not occur in Central America. Krause
(1913) treated ten sections in his revision of Philo-
dendron. As previously discussed, P sect. Pter-



omischum has been elevated to the status of sub-
genus, and P subg. Macrolonchium Engl. has been
reduced to a subsection of P subg. Philodendron.
 
1. Philodendron sect. Baursia (Rchb. ex Schott)
    Engl., in Mart., FI. bras. 3(2): 134. 1878.
    Philodendron grex Baursia Rchb. ex Schott,
    Syn. Aroid. 73. 1856. TYPE: Philodendron
    crassinervium Lindl. (lectotype, designated by
    Mayo, 1990).
 
  As defined by Engler and Krause, P sect. Baur-
sia consists of species with generally inconspicuous
primary lateral veins, but the group as constituted
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by Krause remains highly variable in terms of its
ovules, habit, and leaf shape. The group comprises
species with moderately many ovules and axile pla-
centation, moderately many ovules with basal pla-
centation, a few ovules with basal placentation, and
solitary ovules with basal placentation. All of these
species have leaves purportedly devoid of primary
lateral veins. In reality this is not true of ail species
included in the group. Most species have elongate,
simple blades, but three have 3-lobed or tripartite
blades.
  With 33 species included by Krause the section
was third in size of the three major sections (P. sect.
Philodendron with 64 and P. sect. Calostigma with
53 species). One species, P. acreanum K. Krause,
is actually a member of P sect. Pteromischum. Of
the remaining species in the section, those that best
fit the description of the group occur principally in
eastern South America and in the upper Amazon
basin and have more or less oblong leaf blades.
Philodendron crassinervium is the type of the sec-
tion. Except for P. crassinervium, P. longilaminatum



Schott (with axile placentation), P. bahiense Engl.,
and P. paxianum K. Krause (each with solitary
ovules per locule), species of P. sect. Baursia have
a few basal ovules per locule and oblong to oblong-
elliptic blades. Many but not ail have indistinct pri-
mary lateral veins.
  Some members of Krause's P sect. Baursia, es-
pecially the species that are vines with a solitary
ovule per locule and occur in the Andes west of
the Continental Divide, such as P lehmannii Engl.,
P ellipticum Engl., P. pachycaule K. Krause, P.
chimboanum Engl., P. longipes Engl., and P. grav-
eolens Engl., do not seem to belong with the re-
mainder and should perhaps be put into another
section. The same is true of the three-lobed and
tripartite species, P. deltoideum Poepp. & Endl., P.
panduriforme (Kunth) Kunth (Krause also included
here R reichenbachianum Schott, now a variety of
P. panduriforme), and P micranthum Poepp. ex
Schott. With the exception of P. micranthum, which
has primary lateral veins lacking or weak, these
species have primary lateral veins at least some of
the time (though they are indistinct in P delto-
ideum). None of the three species appear to have
any other features in common with the more typical
members of P. sect. Baursia, e.g., P crassinervium
Lindl., P linnaei Kunth, and P. callosum K. Krause,
among others.
  Mayo (1986) believed that P. sect. Baursia
contained two groups of species, and he would
also separate P deltoideum and related species
from the remainder, suggesting that Schott's grex
 
 
Oligophlebium be recognized to accommodate
these species.
  Some species that were placed in P. sect. Baursia
will have to be reinvestigated to determine if they
belong instead in P. sect. Philopsammos G. S. Bun-
ting (1986). That group is often similar in having
elongated leaf blades, but it differs in having bi-
locular ovaries whereas those of P. sect. Baursia
are plurilocular.
  By no means ail of the species with more or less
oblong blades in P. sect. Baursia have primary lat-
eral veins weak or lacking. At least one species, P.
wendlandii, the only Central American species
placed in P sect. Baursia by Engler, should be
placed in P. sect. Calostigma. It has distinct pri-
mary lateral veins and a spongiose petiole with a
distinct dark green annular ring like the other
members of P. subsect. Glossophyllum in Central
America. This leaves Central America without
members of P sect. Baursia.
 
2. Philodendron sect. Philopsammos G. S.
    Bunting, Phytologia 60: 306. 1986. TYPE:



    Philodendron ptarianum Steyerm., Fieldiana,
    Bot. 28: 99. 1956. [Philodendron callosum K.
    Krause subsp. ptarianum (Steyerm.) G. S.
    Bunting, Phytologia 64: 467. 1988.]
 
  Philodendron sect. Philopsammos is restricted to
South America, known largely from the region of
the Guiana highlands with extensions into the Am-
azon basin, occurring principally on white sand sa-
vannas, sandstone outcrops, and on tepuis, rarely
in alluvium in lowland forests. It is characterized
by having usually terrestrial or epipetric, thick,
creeping stems with mostly short internodes, mostly
long persistent, mostly intact cataphylls, moderate-
ly long petioles, mostly erect, geniculate petioles,
more or less oblong, elliptic to narrowly ovate, co-
riaceous blades, usually lacking any prominent
posterior lobes and with usually distinct, sometimes
moderately obscure primary lateral veins. Inflores-
cences are moderately large with pistils bilocular,
rarely 3-locular, and ovaries moderately numerous
with axile placentation.
 Included in the section are the following species:
P canaimae G. S. Bunting, P craspedodromum R.
E. Schult., P dunstervilleorum G. S. Bunting, P
dyscarpium R. E. Schult., P peraiense G. S. Bun-
ting, P phlebodes G. S. Bunting, P pimichinense G.
S. Bunting, P callosum K. Krause, P pulchrum G.
M. Barroso, P remifolium R. E. Schult., P sabu-
losum G. S. Bunting, P steyermarkii G. S. Bunting,
and P tatei K. Krause. Perhaps also to be included
 
 
327
 
�

 
 
 

[Begin Page: Page 328]
 
 
 

 
Annals of the
Missouri Botanical Garden
 
 
in this group is P. englerianum Steyerm. No species
in the group occur in Central America.
 In describing this section Bunting (1986) made
no mention of how the section is distinguished
from P. sect. Baursia (or any other section). This
is a critical point since both sections have spe-
cies with elongated blades and at least sometimes
have primary lateral veins not markedly more
prominent than the interprimary veins (secondary



lateral veins). The section is presumably distin-
guished from P. sect. Baursia on the basis of hav-
ing mostly two locules per ovary. As an indication
of its affiliation with P. sect. Baursia, Bunting, at
the time he described P. sect. Philopsammos,
specifically mentioned P. callosum (a species in-
cluded by Krause in P. sect. Baursia and initially
considered by Bunting to be distinct from P. ptar-
ianum) as being a possible member. Philoden-
dron ptarianum has proven to be closely related
to P. callosum, but that species was described by
Krause as being "plurilocula," i.e., with many
locules per ovary and "pauciovulata," i.e., with
few ovules per locule. If this is true, the single
character separating P. sect. Philopsammos from
P. sect. Baursia, namely the small number of loc-
ules per ovary, would break down even in two
subspecies (as now recognized by Bunting,
1995), one of which is the type of P. sect. Phil-
opsammos. One collection of P. callosum, Davidse
& Miller 27269, had 2-locular ovaries with 8-10
ovules per locule with unusual black, shiny
seeds. It would clearly appear to be a member of
P. sect. Philopsammos.
 
3. Philodendron sect. Philodendron. TYPE: P
    grandifolium (Jacq.) Schott
 
  Philodendron sect. Philodendron in Central
America is both large and diverse, and like P sect.
Calostigma (a discussion of which follows) it is fur-
ther subdivided here into subsections.
  With 38 species (40 taxa) P sect. Philodendron
is the second largest section in P subg. Philoden-
dron in Central America. Philodendron sect. Philo-
dendron is characterized by having axile placenta-
tion and typically many ovules per locule but,
owing to its size and diversity, there are no other
characters that completely characterize the group.
Philodendron sect. Polyspermium (according to the
Code (Art. 21) it must now be P sect. Philoden-
dron) was subdivided by Krause into six groups,
"Gruppen" (termed subsections by Mayo, 1990).
These subsections will be discussed here, especial-
ly in relation to the Central American species.
 
 
SUBSECTIONS OF P SECT. PHILODENDRON
  1. Philodendron subsect. Maerolonchium
    (Schott) Engl., in Mart., FI. bras. 3: 139. 1878.
    Philodendron grex Macrolonchium Schott,
    Prodr. syst. Aroid. 269. 1860. TYPE: Philo-
    dendron simsii (Hook.) G. Don (lectotype, des-
    ignated by Mayo, 1990: 64).
 This is a small group of species characterized by
D-shaped or broadly and sharply sulcate petioles
and the presence of short stems with short inter-



nodes. The leaf blades typically are ovate-triangu-
lar. The cataphylls typically persist as fibers. The
ovaries are 5-10-locular with numerous ovules per
locule. This group was treated by Engler (1899) and
Krause (1913) as a section based on stems with
internodes shorter than broad versus scandent
stems, but the group is in no way warranted at the
sectional level based on this or any other character.
 Though neither short stems nor D-shaped peti-
oles are unique to this group, it appears to be nat-
ural at the subsectional level. Ail of the species
have similar ovate-triangular blades and coarse
reddish brown persistent cataphyll fibers. The two
pinnately lobed species in the group, P pinnatifi-
dum (Jacq.) Schott and P robustum Schott, seem
unlikely members of this subsection. Those species
are very similar to P. fendleri K. Krause, which En-
gler placed in his P sect. Polytomium. Philoden-
dron pinnatifidum and P robustum should probably
be placed there as well. They seem to have little
in common with the other simple-leaved species.
Philodendron melinonii Brongn., P fragrantissi-
mum, P. simsii, and P roraimae K. Krause all ap-
pear to be related. The only Central American spe-
cies in this subsection is P fragrantissimum.
 
  2. Philodendron     subsect. Canniphyllum
    (Schott) Mayo, J. Linn. Soc., Bot. 100. 168.
    1989. Philodendron     grex  Canniphyllum
    Schott, Syn. Aroid. 76. 1856. TYPE: Philo-
    dendron fibrillosum Poepp.
  This is a small group that included only five spe-
cies in Krause's revision and one of these, P coe-
rulescens, proved to be a synonym of P inaequila-
terum, a member of P. subg. Pteromischum.
Philodendron juninense Engl., P fibrillosum, and P.
cuneatum Engl. are ail Andean species, while the
no doubt distantly related P blanchetianum Schott
is a species from eastern Brazil in Bahia. Philo-
dendron subsect. Canniphyllum has only a few spe-
cies in Central America. Both Philodendron creto-
sum and P. roseospathum have persistent fibrous
cataphylls and resemble the type species, P. fibril-
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losum (selected by Mayo, 1990). The only other
Central American species that has characteristics
to fit in the subsection is P. chirripoense, which is
tentatively placed here, though it differs in having
longer, more slender internodes and lacks persis-
tent cataphylls. The presence or absence of persis-
tent cataphylls is highly correlated with the length
of internodes (persistent when internodes are short,
deciduous when internodes are long) and thus it is
not surprising that P. chirripoense would lack cat-
aphylls. Still, the latter is a most peculiar species
so its placement remains in doubt.
 
  3. Philodendron      subsect. Platypodium
    (Schott) Engl., in Mart., FI. bras. 3: 137. 1878.
    Philodendron grex Platypodium Schott, Syn.
    Aroid. 85. 1856. TYPE: Philodendron ptero-
    tum K. Koch & Augustin (lectotype, designat-
    ed by Mayo, 1990: 61).
  This group was characterized by Schott (1856)
as having D-shaped petioles. While he included
both P. pterotum and P. fragrantissimum, Engler
later transferred the latter to his P. sect. Macrolon-
chium (Schott) Engl. Mayo (1990) designated the
only remaining species in Schott's section, namely
P. pterotum, as the type species.
  In addition to P. pterotum, Krause (1913) placed
in P. sect. Platypodium four more species, P. cle-
mentis Wright, now considered a synonym of P. fra-
grantissimum (a member of P. subsect. Macrolon-
chium); P. splitgerberi Schott, a possible synonym
of P. fragrantissimum; P. lechlerianum Schott, a
close relative of P. purpureoviride (a member of P.
subsect. Solenosterigma); and P. ernestii Engl.
Thus, of the species listed by Krause, probably only
P. pterotum and P. ernestii belong here. It is un-
likely that P. ernestii is very closely related to P.
pterotum, but it does appear to be closely related
to P. brunneicaule, another species placed in this
section.
  In addition to P. pterotum, other species of P.
subsect. Platypodium that occur in Central Amer-
ica are: P. brunneicaule, P. copense, P. findens, and
P. fortunense Croat.
 
  4. Philodendron     subsect. Psoropodium
    (Schott) Engl., in Mart., Fl. bras. 3: 138. 1878.
    Philodendron grex Psoropodium Schott, Syn.
    Aroid. 84. 1856. TYPE: Philodendron orna-



    tum Schott (lectotype, designated by Mayo,
    1990: 61).
  As defined by Schott (1856), this is a group that
has petioles verrucose at the apex. Mayo (1991)
appropriately selected P. ornatum as the lectotype.
 
 
Krause's description, "petioles semirounded above,
smooth or asperous, blade base cordate or sagit-
tate," would accommodate more than half of the
species in the genus Philodendron, but Schott's in-
tention for the subsection was clear. The only other
species included by Schott was P. rubens Schott,
now considered by some authors to be a synonym
of P ornatum. Krause also expanded the group sub-
stantially, adding a number of plants that do not
have glandular petioles and others that have proven
to be synonyms of P. ornatum. The latter are: P.
muschlerianum K. Krause, P. dolosum Schott, P as-
peratum K. Koch, and P tobagoense Engl. The ab-
errant elements which, I believe, are unrelated to
P ornatum include P brevilaminatum Schott and
P traunii Engl. (now both synonyms of P fragran-
tissimum in P. subsect. Macrolonchium), P. gran-
dipes, and P. maximum K. Krause, a gigantic spe-
cies from the southwest Amazon basin that is
unlikely to be related in any way to P ornatum. I
have moved P grandipes from P. subsect. Psoro-
podium to P. subsect. Philodendron, where it more
appropriately belongs.
  Krause also included in his Psoropodium group
three other poorly known species, P thaliifolium
Schott, P brandtianum K. Krause, and P. bertae K.
Krause. These do not appear to be in any way re-
lated to P ornatum. It is clear from these as well
as the other species included by Krause that the
section as defined by Engler and by Krause no lon-
ger resembles Schott's original description. Proba-
bly a number of the species will need to be moved
into other groups, or the section will need to be
more well defined. As currently defined no species
in P. subsect. Psoropodium occur in Central Amer-
ica.
 
  5. Philodendron subsect. Solenosterigma
    (Klotzsch ex Schott) Engl., in Mart., FI. bras.
    3: 139. 1878. Philodendron grex Solenoster-
    igma Klotzsch, Syn. Aroid. 81. 1856. TYPE:
    Philodendron scandens K. Koch & Sello [(=
    Philodendron hederaceum (Jacq.) Schott (lec-
    totype, designated by Mayo, 1990: 61)].
 
  As treated by Krause (1913), this appears to be
a natural group, consisting of P. hederaceum, the
type, as well as P consanguineum Schott and a
number of relatives. Philodendron fuertesii K. Krau-
se, P krebsii Schott, and P urbanianum K. Krause



all closely resemble P. consanguinem, and P mar-
ginatum Urb., P. prieurianum Schott, P oxycar-
dium, P. micans, and P melanochrysum Linden &
Andr are all synonyms or subspecies of P. heder-
aceum. These species share long, slender inter-
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nodes, deciduous, mostly unribbed cataphylls,
more or less terete petioles, ovate-cordate leaf
blades, and solitary inflorescences.
 Other species included by Krause in P subsect.
Solenosterigma are P. purpureoviride (aside from P.
hederaceum and P. brevispathum, the only other
species of the group that occurs in Central Amer-
ica), P. jenmanii K. Krause, and P scabrum K.
Krause. The latter two species are now considered
synonyms of P. muricatum Willd. ex Schott. Though
surely belonging in P. subsect. Solenosterigma
(along with the two synonyms already placed here)
Krause placed P. muricatum in P sect. Calostigma.
  Philodendron brevispathum is transferred here
from P. subsect. Cardiobelium (Schott) Engl., since
it appears to be closely related to P muricatum.
 
  6. Philodendron subsect. Philodendron
  Philodendron grex Cardiobelium Schott, Syn. Aroid. 88.
    1856. Philodendron subsect. Cardiobelium (Schott)
    Engl., in Mart., FI. bras. 3: 139. 1878. Philodendron
    "Gruppe" Cardiobelium (Schott) Engl., Bot. Jahrb.
    Syst. 26: 522, 529. 1899. TYPE: Philodendron gi-
    ganteum Schott (lectotype, designated by Mayo,
    1990: 60).
  Philodendron grex Eubelium Schott, Syn. Aroid. 92.
    1856. Philodendron subsect. Eubelium (Schott)
    Engl., in Mart., FI. bras. 3: 140. 1878. TYPE: Philo-
    dendron grandifolium (Jacq.) Schott.
  As defined by Schott (1860), grex Cardiobelium
consisted of a single species, P. giganteum. The
group was greatly expanded by Engler (1899) and
by Krause (1913) as a subgroup within section Po-
lyspermium. Now with 20 species, it constitutes the
largest subsection in P. sect. Philodendron. The
characterization, as expanded by Krause, "petioles



smooth or lightly striate, asperate; blade cordate to
sagittate, with the primary lateral veins much more
conspicuous than the secondary veins," is so broad
that many unrelated species might easily be con-
tained within it. Certainly to be excluded is P. rub-
ens Schott (now a synonym of P. ornatum and the
core species in P. subsect. Psoropodium). Among
the well known and seemingly distinct taxa includ-
ed by Krause are P. grandifolium, P. acutatum
Schott, and P. fraternum Schott, ail with deciduous
cataphylls, and P. tenue, P schottianum, and P.
panamense, with persistent cataphylls. The type, P.
giganteum, also bas conspicuous persistent cata-
phylls. A particularly unusual species included by
Krause is P quitense Engl., with deeply three-lobed
leaves. It is probably a synonym of P. acuminatis-
simum Engl. in P. subsect. Doratophyllum.
  The only Central American species included in
the section by Krause were: P brevispathum, P.
panamense, P. schottianum, and P. tenue. Philoden-
 
 
dron brevispathum, with its scaly stems, is best ac-
commodated with P muricatum in P subsect. So-
lenosterigma.
 Philodendron subsect. Philodendron has 20 spe-
cies in Central America. The size and diversity of
P subsect. Philodendron warrant the recognition of
the five series presented below.
 
SERIES OF P SUBSECTION PHILODENDRON
 
  1. Philodendron ser. Philodendron. TYPE:
    P grandifolium (Jacq.) Schott
 
  The series is not known from Central America,
but has several species in South America. This
group is characterized by thick stems, deciduous
cataphylls, subterete petioles, large ovate-triangular
blades conspicuously lobed at the base, several in-
floresences per axil, and 5-7-locular ovaries with
many ovules per locule. In addition to the type, P.
acutatum Schott, P billietiae Croat, and P. megal-
ophyllum Schott appear to be typical members of
this group, having many ovules per locule, decid-
uous cataphylls, more or less terete petioles, and
ovate-triangular leaf blades.
 
  2. Philodendron ser. Impolita Croat, ser. nov.
    TYPE: P strictum G. S. Bunting
 
  Intemodia brevia; cataphylla persistentia; petiolus teres
vel D-formatus; lamina palida adaxialiter, glaucescens.
 
  Etymology. From impolitus meaning unpol-
ished, i.e., matte, in reference to the matte and pale
lower blade surfaces.



  Three Central American taxa, P hebetatum, P
strictum, and P thalassicum, and at least one ad-
ditional undescribed species from South America
belong in this group. It is characterized by having
leaf blades dark to medium green above but very
pale, almost white beneath and covered with a min-
ute waxy covering making the surface matte. The
species have relatively short internodes, persistent
cataphylls that often dry yellowish or have patches
of yellowish epidermis persistent (not always true
for P thalassicum). Petioles may be obtusely some-
what flattened to D-shaped and dry with a yellowish
epidermis (not always true for P     thalassicum).
Blades are ovate-cordate to ovate-triangular.
 
  3. Philodendron ser. Velvetina Croat, ser.
    nov. TYPE: P gigas Croat
 
  Internodia brevia, maxime crassa; cataphylla D-formata,
persistentia in fibris tenuibus; petiolus subteres; lamina
ovata-cordata, bicolorata, velutina adaxiliter, impolita
abaxialiter, 81-125 cm longa, 37-90 cm lata.
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 Etymology. From velutinus meaning velvet, re-
ferring to the velvety upper surfaces of the blades.
 The subsection consists of a single species, RP.
gigas, in Central America but would also include
P. andreanum Devansaye from northern Colombia.
The group is characterized by its stout stems, short
internodes, cataphylls that persist as thin fibers,
subterete petioles, and especially by the very large,
narrowly ovate-cordate blades, which are velvety
and bicolored on the upper surface with the midrib
and primary lateral veins paler, and paler and matte
on the lower surface. Inflorescences range up to 7
per axil.
 
  4. Philodendron ser. Fibrosa Croat, ser. nov.
    TYPE: R jodavisianum G. S. Bunting
 



 Internodia brevia, cataphylla persistentia ut fibrae; pe-
tiolus plerumque teres aut subteres; lamina ovato-cordata;
pistilla cum placentatione axiali; loculi pluriovulati.
 
 Etymology. Fibrosa = composed of separable
fibers, in reference to the cataphylls persisting as
fibers.
 This represents the largest series in R subsect.
Philodendron. It is characterized by thick stems,
short intemodes, cataphylls that usually persist as
a mass of fibers on the stem, usually subterete pet-
ioles, and more or less ovate-cordate blades. Pistils
have axile placentation and many ovules per locule.
  The following species of R ser. Fibrosa occur in
Central America: P. alticola, P antonioanum, R
breedlovei, R chiriquense, P dodsonii, R grandipes,
P jodavisianum, P lazorii, P llanense, P. pana-
mense, R pirrense, R purulhense, P. scalarinerve, P.
schottianum, and P. tenue. Of these a few are still
doubtful. Philodendron grandipes, with a D-shaped
petiole, and R jodavisianum, with a U-shaped pet-
iole, perhaps belong in R subsect. Platypodium but
also do not seem to be related to the species in that 1
group. Philodendron breedlovei, which appears to
lack persistent cataphylls (specimen very incom-
plete), is at odds with the other species but fits
nowhere else. A few species are in related clusters
within the series; for example, P. lazorii and P pan-
amense seem to be closely related as do R gran-
dipes and P jodavisianum.
  Grayum (pers. comm.) believes that R dodsonii
perhaps belongs with R pterotum in P. subsect. Pla-
typodium.
 
  5. Philodendron ser. Albisuccosa Croat, ser.
    nov. TYPE: R albisuccus Croat
 
 Internodia brevia; succus albus, calcareus; cataphylla
persistentia in fibris tenuibus pallidis; petiolus subteres;
 
 
lamina ovato-cordata; inflorescentia solitaria; pistilla 5-6-
locularia; loculi cum 18-20 seminibus.
  Etymology. Albus = white; succus = juice,
sap, in reference to the white sap of cut parts.
  The series consists of a single species, R albi-
succus, characterized by having copious white sap,
which turns chalky on drying. Only one other spe-
cies in Central America, R cretosum, shares this
unusual feature. It may belong in the samre series
despite its linear to oblanceolate leaf blades. It cur-
rently is placed in R subsect. Canniphyllum.
 
  7. Philodendron subsect. Achyropodium
    (Schott) Engl., in Mart., FI. bras. 3: 139. 1878.
    R grex Achyropodium Schott, Syn. Aroid. 85.
    1856. TYPE: P. verrucosum L. Mathieu ex



    Schott
  This is a seemingly quite natural group charac-
terized by scaly petioles. As defined by Schott
(1856) it was represented only by the type, P. ver-
rucosum. Krause (1913) included six species (one
of which, R arcuatum K. Krause, is a synonym of
R brevispathum in R subsect. Solenosterigma). The
others in the subsection are: P. nanegalense Engl.,
R pilatonense Engl., and P gualeanum Engl. (ail
of which, I believe, represent a single species), as
well as R serpens Hook. f. All but R verrucosum
were known only from South America. There are
several other undescribed species in P subsect.
Achyropodium now known from South America.
  Philodendron subsect. Achyropodium is largely
restricted to the northern Andes and lower Central
America (Costa Rica and Panama) but has one spe-
cies, R verrucosum, that ranges as far south as Peru.
The subsection is represented in Central America
by R glanduliferum subsp. glanduliferum, R ham-
melii, P. malesevichiae, R squamicaule, P. squami-
petiolatum, and P verrucosum.
 
4. Philodendron sect. Calostigma (Schott) Pfeif-
    fer, Nomencl. Bot. 2: 674. 1874. R [rankless]
    b. Calostigma Schott, in Schott & Endl., Me-
    let. Bot. 19. 1832. TYPE: P imbe Schott
  Philodendron sect. Calostigma is the largest sec-
tion in Central America with 48 species comprising
52 taxa. It is characterized by having basal or sub-
basal placentation and typically solitary or few
ovules per locule. Owing to its size and diversity,
there are no other characters that completely char-
acterize the group.
  There are some differences between R     sect.
Philodendron and P. sect. Calostigma in Central
America that are statistically significant, even if not
without exception. For example, 81% of those spe-
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 Table 1. Leaf blade breakdown by section. # = number of species.
 
                                       Blades entire



                      With basal lobes               Lacking basal lobes      Blades not entire
                  Cordate        Subcordate        Ovate          Oblong        Incised-lobate
                       % of            % of            % of            % of            % of   Section
   Section      #      sect.     #      sect.     #    sect.     #     sect.     #     sect.   total
Calostigma       28     56%       7      14%       1     2%       14    28%       0      0%      50
Macrogynium        1   100%       0       0%       0     0%        0     0%       0      0%      1
Philodendron     34     81%       3       7%       1     2%        3     7%       1       2%     42
Polytomium        0      0%       0       0%       0     0%        0     0%       3     100%      3
Tritomophyllum    3     38%       0       0%       0     0%        0     0%       5     63%      8
 
 
cies in P. sect. Philodendron have cordate blades,
while only 7% have subcordate blades, and 12%
lack posterior lobes. In contrast, P. sect. Calostigma
has only 56% of its species with cordate blades,
14% have subcordate blades, and 30% lack pos-
terior lobes. See Table 1 for a complete breakdown
by section.
  See other comparisons between P. sect. Calostig-
ma and P. sect. Philodendron under sections enti-
tled "Ovary Locule Number" and "Ovules Per Loc-
ule" as well as in Appendix 2, Technical Data on
Pistils.
  Philodendron sect. Calostigma was subdivided
by Krause into five groups (termed subsections by
Mayo, 1990). These subsections will be discussed
here, especially in relation to the Central American
species.
 
  1. Philodendron      subsect. Macrobelium
    (Schott) Engl., in Mart., FI. bras. 3: 143. 1878.
    P. grex Macrobelium Schott, Syn. Aroid. 96.
    1856. TYPE: P. sagittifolium Liebm.
 Philodendron subsect. Belocardium (Schott) Engl., in
    Mart., FI. bras. 3: 141. 1878. P grex Belocardium
    Schott, Prodr. Syst. Aroid. 255. 1860. TYPE: P ad-
    vena Schott (lectotype, designated by Mayo, 1990).
  As reported by Krause, Philodendron subsect.
Macrobelium was the largest subsection in P. sect.
Calostigma, with 22 species. It was poorly defined
by Krause as consisting of species with somewhat
spongy petioles, 6-12-locular ovaries with relative-
ly few ovules per locule, and basal to sub-basal
placentation. In addition (although not stated by
Krause), the blades are ail cordate, sagittate, or
hastate. Although Krause described the subsection
as having 2-5 ovules per locule, many more species
have been added to the group since the last revision
and several species that logically belong in P. sub-
sect. Macrobelium have more than 10 ovules per
locule, despite having sub-basal placentation.
 
 
 Philodendron subsect. Belocardium must be syn-
onymized with P. subsect. Macrobelium since P. ad-
vena, clearly a close relative of P. sagittifolium, was
designated the lectotype of the former subsection,



and Schott's definition of grex Macrobelium differs
little from grex Belocardium, primarily since the
blades are described as elongate-sagittate with 6-
7 primary lateral veins instead of ovate-cordate
blades with 3-4 primary lateral veins for grex Be-
locardium. As defined originally by Schott (1860),
P. grex Belocardium comprised vining plants with
ovate-cordate blades with the posterior rib mostly
lacking and not at ail naked along the sinus and
bearing solitary inflorescences with 1-2 ovules per
locule. The group consisted of P. subovatum Schott
(= P. advena), P. hoffmannii (= P. hederaceum), P.
deviatum Schott (= P. jacquinii), P. advena, P. po-
pulneum K. Koch, P. erubescens Linden, P. jacqui-
nii, P. lindenii Schott, P. acrocardium Schott, and
P. consanguineum Schott. Several of these species
are now known to be synonyms of P. sect. Oligo-
carpidium or P. sect. Macrogynium. Philodendron
lindenii would have better served as a lectotype for
the group and, along with P. erubescens, P. devia-
tum, and P. populneum, might have to be formed
into a group distinct from P. sect. Belocardium.
  Engler (1913) synonymized Schott's grex Glos-
sophyllum with P. "Gruppe" Belocardium, but the
former group, as defined by Schott, appears to be
distinct and will be resurrected in this work. It
comprises more or less scandent plants with tumid
petioles and more or less oblong blades that are
frequently subcordate or cordulate at the base (see
that section for more details).
  Because of its size (28 species) and the diverse
composition of the species comprising P subsect.
Macrobelium, it was deemed necessary to divide the
subsection into four series. A discussion of the new
series of P subsect. Macrobelium follows.
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  1. Philodendron ser. Macrobelium (Schott)



    Croat, ser. nov. TYPE: P. sagittifolium Liebm.
  Philodendron ser. Macrobelium is the largest
group of species in P. subsect. Macrobelium and
includes the type. Philodendron ser. Macrobelium
is distinguished by having moderately coriaceous,
cordate to sagittate blades with the basal posterior
rib usually not naked or only weakly naked near
its base. In addition, cataphylls are usually decid-
uous or only briefly persistent. Most of the species
in the series have a strong resemblance to the wide-
spread P. sagittifolium. Ail members have type D
styles (see section on style type), relatively few
ovules per locule (usually 1-5, rarely to 6, 7, or 8).
In most cases the ovules are contained within a
translucent or transparent ovule sac.
  Central American representatives of P. ser. Ma-
crobelium are: P. advena, P. annulatum, P. aroma-
ticum, P. coloradense, P. dwyeri, P. edenudatum, P.
ferrugineum, P. grayumii, P. knappiae, P. mexican-
um, P. platypetiolatum, P. sagittifolium, P. subincis-
um, P. sousae, P. verapazense, and P. zhuanum.
Philodendron platypetiolatum is unusual in having
a much-flattened petiole. Perhaps it warrants rec-
ognition as a separate series.
  Philodendron mexicanum, long considered a
member of the group, is unusual in not greatly re-
sembling P. sagittifolium and in having blades
sometimes more or less hastate.
  It is possible that P. annulatum belongs in P.
subsect. Glossophyllum because it sometimes has a
purple annular ring at the apex of the petiole (one
of the features characterizing this subsection) and
usually has only 1-2 ovules per locule (though
sometimes 4-5 ovules per locule).
 
  2. Philodendron ser. Ecordata Croat, ser.
    nov. TYPE: P. brenesii Standl.
  Internodia elongata vel brevia; cataphylla decidua; pe-
tiola subteres; lamina acuta vel subcordata ad basim; ner-
via minores saepe "etched" in superficie supra; pistila 5-
14 locularia; loculi plerumque 4-14 ovulati.
  Philodendron ser. Ecordata represents a group of
species with elongate stems, intemodes often longer
than broad, deciduous cataphylls, elongate petioles,
and blades that are ovate to ovate-elliptic, acute,
or at most subcordate at the base (hence the name
"ecordata," meaning without a cordate blade), often
with the minor veins on the upper surface weakly
etched. The basal veins are either free to the base
or if they are united into a posterior rib, the latter
is not naked or is naked for only a short distance.
Pistils are 5-14-locular and locules are 4-14-ovu-
late.
 
 
  The Central American species of P. ser. Ecordata
are: P. brenesii, P. crassispathum, P. davidsonii, P.



lentii, and P. niqueanum. A relationship between P.
brenesii and P. ser. Impolita is possible, based on
the glaucous lower blade surface in P. brenesii, but
no other member of the group has glaucous leaves.
Moreover, ail the members of the above group usu-
ally have internodes longer than wide and have de-
ciduous, rather than persistent cataphylls.
 
 
  3. Philodendron ser. Reticulata Croat, ser.
    nov. TYPE: P tysonii Croat
 
 Internodia brevia; cataphylla persistentia in fibris ten-
uibus; petiolus lamina subequans aut longior, teres aut
subteres; lamina ovato-cordata; pistila cum loculis 5-9-
ovulatis; ovulae plerumque 5-7 per ovaria.
 
  Etymology. Reticulus, meaning netted, refer-
ring to the dried network of cataphyll fibers char-
acterizing this series.
  Philodendron ser. Reticulata is the only group of
species in P. subsect. Macrobelium with a few
ovules per locule, stems with short internodes, and
persistent cataphylls. Most species with short in-
ternodes and persistent cataphyll fibers are mem-
bers of P. sect. Philodendron. Species in this group
have terete or subterete petioles about as long as
the ovate-cordate blades and pistils with 5-9 loc-
ules, each with 5-7 ovules.
  Philodendron ser. Reticulata is represented in
Central America by only two species, P jefense and
P. tysonii.
 
 
  4. Philodendron ser. Pachycaulia Croat, ser.
    nov. TYPE: P. basii Matuda
 
 Caudex succulentus; internodia brevia, crassa; cata-
phylla 2-costata, persistentia intacta; petiolus teres; lam-
ina ovato-cordata, costae postice desnudae secus sinum
ad 4 cm; pistila 4-6-locularia; Ioculi 4-6 ovulati.
 
  Etymology. Pachy = thick, caule = stem, re-
ferring to the thick, succulent stems.
 Philodendron ser. Pachycaulia is represented by
a single species and is characterized by its very
stout succulent stems with intact persistent cata-
phylls, terete petioles, ovate-cordate blades with
the posterior rib naked along the sinus to 4 cm.
The pistil has a type D style and is 4-6-locular
with 4-6 ovules per locule. It is believed that the
succulent stems evolved to store water, allowing the
plant to survive the long dry season in western
Mexico. The series is represented only by P basii
from western Mexico.
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 2. Philodendron subsect. Glossophyllum
   (Schott) Croat, comb. nov. Basionym: Philo-
   dendron grex Glossophyllum Schott, Syn. Ar-
   oid. 80. 1856. TYPE: P    elaphoglossoides
   Schott (lectotype, designated by Mayo, 1990).
 
   1. Philodendron ser. Glossophyllum Croat,
      ser. nov. TYPE: P elaphoglossoides Schott
 
 Philodendron subsect. Glossophyllum consists of
two new series, Glossophyllum and Ovata.
 Philodendron ser. Glossophyllum, as defined
here, has the appearance of being a natural group
of species with more or less oblong leaves acute or
frequently cordulate or subcordate at the base. The
primary lateral veins are usually distinct. Stems are
typically somewhat scandent, though some mem-
bers of the group, such as P auriculatum, P. bakeri,
P. dolichophyllum, P ligulatum, P. morii, P pseu-
dauriculatum, P. utleyanum, and P wendlandii,
sometimes have the intemodes scarcely longer than
broad. The petioles are usually spongy or subspon-
gy, usually subterete, and often bear a purplish or
greenish annulus around the circumference where
the petiole joins the blade; the cataphylls may be
unribbed or sharply 1-2-ribbed and are typically
deciduous (though persisting for a time in some
species with short internodes, e.g., P. auriculatum
and P wendlandii). The style type is variable in the
group, with most having B or D type styles but with
one species, P. granulare, having an unusual type
E style. Many species in the series have orange
berries. Philodendron ser. Glossophyllum ranges
from Nicaragua to Colombia and Ecuador on the
Pacific slope and to the Guianas and the Amazon
basin.
  Krause included this group of plants with his
section Belocardium, comprising both Schott's grex
Belocardium and grex Glossophyllum. The former
group consisted of plants with elongate internodes
and ovate-cordate to sagittate blades, and Krause
included P. subovatum Schott (= P. advena), P. lin-
denii Schott, P. weberbaueri Engl., P. smithii, P. sub-



hastatum Engl. & K. Krause, P myrmecophyllum
Engl., P pachyphyllum K. Krause, P. advena, and
P viride Engl. The latter group included species
with mostly oblong blades. He characterized his
section Belocardium as having tumid petioles and
unilocular ovaries. Most of the species in the cor-
date-bladed group are not believed to be closely
related to P. ser. Glossophyllum and have been re-
ferred here to P subsect. Macrobelium (see discus-
sion of P. subsect. Macrobelium). What remains is
a group that usually has more or less oblong blades
 
 
with tumid petioles that are purple-ringed at the
apex and ovaries usually unilocular.
 Philodendron smithii, the only other Central
American species among those mentioned above,
does indeed have tumid petioles and only a single
ovule per locule like most members of P. subsect.
Glossophyllum, but the great difference in leaf
shape in this species and others placed here war-
rant their separation into another series within P
subsect. Belocardium (see below).
  Though Krause's revision characterized P sub-
sect. Belocardium as having a single ovule per loc-
ule, that is not in itself the defining feature of the
subsection. For example, several species typical of
the group have oblong leaves, purple-ringed peti-
oles, and the same general appearance but have
more than one ovule per locule. These are: P. au-
riculatum, with (3)4 ovules per locule; P ligulatum
var. heraclioanum, and P. ligulatum var. ovatum,
both with 2; P. pseudauriculatum, with 1-2(4); and
P. wendlandii, with 2. Philodendron bakeri some-
times has 2 ovules per locule. Other Central Amer-
ican species, each with 1 ovule per locule are P.
brewsterense, P. correae, P. dolichophyllum, P. fol-
somii, P. granulare, P immixtum, P ligulatum, P
morii, P. ubigantupense, and P utleyanum.
  Typical South American species in P subsect.
Glossophyllum presented by Krause (1913) are: P
cyrtocleum Diels (= P. ruizii Schott), P. longipetiol-
atum Engl., P. heterophyllum Poepp., P. uleanum
Engl., P. adhatodifolium Schott, P. elaphoglossoides
Schott, P. ruizii Schott (erroneously placed in sect.
Baursia by Schott), P. wittianum Engl., and P. an-
gustialatum Engler. Philodendron tenuipes Engl.,
placed in P. subsect. Belocardium by Engler, ap-
pears to be closely related to P fibrillosum Poepp.
and probably belongs in P subsect. Canniphyllum.
  Other species of P. subsect. Glossophyllum de-
scribed since the last revision by Krause are P
acutifolium K. Krause, P. buntingianum Croat, P.
liesneri Croat, and P. wurdackii G. S. Bunting.
  Though, as defined here, P. subsect. Glossophyl-
lum ser. Glossophyllum consists only of species with
more or less oblong blades, some of the species are



somewhat anomalous. Philodendron granulare is
much like other species in P subsect. Glossophyl-
lum, but it has a style that is unique in the group
(Style Type E; see discussion of this under that spe-
cies). Philodendron brewsterense and P ubigantu-
pense are still poorly known but appear to belong
here. Perhaps the most doubtful is P dolichophyl-
lum, with 3-7 ovules, which is certainly high for
this group; however, it is otherwise similar in most
aspects to other members of the subsection. Philo-
dendron wendlandii, placed by Krause in P sect.
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Baursia, seems to fit best in P subsect. Glosso-
phyllum. It differs from other members of subsec-
tion Glossophyllum in having a petiole that is usu-
ally broader than thick and sharply flattened
adaxially and lacks an annular ring.
 
  2. Philodendron ser. Ovata Croat, ser. nov.
    TYPE: P smithii Engl.
 
 Caudex longus vel brevis; internodia plerumque longiora
quam lata; cataphylla plerumque decidua; petioli sub-
aequantes laminam, teres vel subteres, cum annulo defi-
cienti apice; lamina ovata vel ovato-triangulata, cordata
vel sagittata ad basi; pistilla cum stylo plerumque "type
B," rare C; ovaria 4--8-locularia; loculi uniovulati aut raro
2-5.
  Philodendron ser. Ovata is a somewhat hetero-
geneous group characterized by blades ovate to
ovate-triangular and cordate to subcordate at the
base, with terete or subterete petioles lacking an
annular ring at the apex. Locule number varies
from 4 to 8, and each usually has a single ovule.
Berry color is greenish white to white, yellowish to
lavender for most species known, but P. cotonense
and P. wilburii have orange fruits. Though only sev-



en Central American species are known, the series
undoubtedly has South American representatives.
 The relationship with other members of P sub-
sect. Glossophyllum is uncertain. Aside from the
usually solitary ovule per locule and usually some-
what spongy petiole, there is little resemblance be-
tween this group and typical members of P. subsect.
Glossophyllum, which have elongated, rather than
more or less ovate, blades. Philodendron domini-
calense is the most doubtful member of the group;
with the strongest possible similarity to P dodsonii
except for having a solitary ovule per locule (rather
than about 20 ovules per locule as in P dodsonii),
it would appear that it might belong elsewhere.
Philodendron cotonense, despite having 4-5 ovules
per locule, appears also to belong to this section,
considering its marked resemblance to P wilburii
and even P smithii.
 Central American species of P ser. Ovata are: P.
cotonense, P dominicalense, P microstictum, P. smi-
thii, P. straminicaule, P. sulcicaule, and P wilburii.
With the exception of P smithii, which ranges from
Mexico to Nicaragua, P ser. Ovata in Central
America ranges from Nicaragua to Panama.
 
  3. Philodendron subsect. Oligocarpidium
    (Engl.) Mayo, J. Linn. Soc., Bot. 100: 168.
    1989. TYPE: P multispadiceum Engl. (lecto-
    type, designated by Mayo, 1990).
 As defined by Krause, this was a group of four
 
 
species that differed greatly from one another.
Philodendron deviatum Schott has proven to be a
synonym of P jacquinii (which was placed by
Krause in its own P sect. Macrogynium). Another
species that he included, P. pittieri, is just poorly
preserved material of P. hederaceum, which Krause
placed in his P. "Gruppe" Solenosterigma in P sect.
Philodendron. This leaves only P multispadiceum
Engl. and P. muricatum which, in my opinion, are
quite unrelated. Philodendron muricatum is the
oldest name for two other synonyms, P jenmanii K.
Krause and P scabrum, which were placed by
Krause in P subsect. Solenosterigma. Though I am
doubtful of the affinity between P hederaceum and
P muricatum, it seems best to include P. murica-
tum in subsect. Solenosterigma because P muri-
catum is clearly a member of P. sect. Philodendron
and not P. sect. Calostigma.
  This leaves only P. multispadiceum, which Mayo
(1990) wisely chose as the type of P subsect. Oli-
gocarpidium. There are two Central American rep-
resentatives of the subsection and a number of oth-
er undescribed South American species as well.
The Central American species are P clewellii and
P heleniae.



  The subsection is distinguished by having a rel-
atively large number of small (usually 4-10 cm
long) inflorescences per axil. The plants are vines
with long intemodes and long-petiolate, narrowly
ovate to ovate-cordate blades that have the basal
veins either lacking or ail free to the base and with-
out the development of a posterior rib. Both Central
American species represented have a type B style
and an ovule sac surrounding the ovules.
 
 4. Philodendron subsect. Bulaoana Mayo [as
    "Bulaoanum"], J. Linn. Soc., Bot. 100: 168.
    1989. TYPE: P bulaoanum Engl. (lectotype,
    designated by Mayo, 1989).
 
 This subsection includes two species treated by
Krause, P bulaoanum and P acuminatissimum.
They probably represent the same species, a plant
with deeply 3-lobed leaves and persistent, reddish
brown cataphyll fibers. Currently the subsection is
known only from South America. Krause treated
this subsection as P "Gruppe" Doratophyllum, but
that name has no priority at the subsectional level
(Mayo, 1990).
 This subsection can be easily confused with and
is perhaps inseparable from P sect. Tritomophyl-
lum. A moderately large number of South American
species, including P barrosoanum G. S. Bunting,
P cataniapoense G. S. Bunting (Bunting placed it
in P   "Gruppe" Doratophyllum), P effusilobum
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Croat, P holtonianum Schott, P hylaeae G. S. Bun-
ting (P. sect. Calostigma), P levelii G. S. Bunting
(similar to P barrosoanum), P panduriforme Schott,
and P victoriae G. S. Bunting might ail belong here.
 Philodendron subsect. Bulaoana and P sect. Tri-
tomophyllum are separated on weak features.
Krause described his "Gruppe" Doratophyllum as
having somewhat succulent petioles longer than the
blade, a hastate blade, and ovaries that are several-
ovulate near the base of the locule, whereas he de-



scribed P. sect. Tritomophyllum as having tripartite
blades with the lateral lobes erect or spreading, and
the primary lateral veins more prominent than the
minor veins. The ovary was described as 5-11-loc-
ular with the locules 1- or more-ovulate. The Cen-
tral American species that appear to be closely re-
lated have one or two ovules per locule, whereas
those of P. subsect. Bulaoana are described as hav-
ing several ovules per locule. These distinctions are
pretty weak, and further study of the members of
both groups is necessary to decide whether the two
groups should be merged.
 
  5. Philodendron subsect. Eucardium (Engl.)
    Mayo, J. Linn. Soc., Bot. 100: 168. 1989.
    Philodendron "Gruppe" Eucardium Engl., Bot.
    Jahrb. Syst. 26: 535, 542. 1899. TYPE: P wal-
    lisii Regel ex Engl.
 
  This is a subsection of dubious status, based only
on P wallisii. The original description characterizes
the subsection as having scarcely succulent peti-
oles that are flattened to sulcate abaxially, cordi-
form blades, and 5-6-locular ovaries with a few
sub-basal ovules per locule. Unfortunately, P
wallisii is a poorly known taxon for which, so far
as is known, no material is extant.
  Following his treatment of Eucardium, Krause
discussed several poorly known species, ail of
which lacked inflorescences and for which no prop-
er sectional placement was possible. Among these
were P. andreanum, which is almost certainly re-
lated to P gigas, a member of P ser. Velutina. List-
ed among these dubious species are P. latilobum
Schott and P obtusilobum Miq. The former is a syn-
onym of P panduriforme, possibly a member of P.
subsect. Bulaoana, which it most resembles. Philo-
dendron obtusilobum is a poorly known species of
unknown origin, known only from a single leaf. Its
affinities remain unclear, but it appears similar to
P lindenii Schott or P rubens Schott.
  Also described among this group of unassigned
species were P gloriosum Andr and P mamei An-
dr. These two species, along with P sodiroi Hort.,
appear to be closely related and probably constitute
 
 
a new section. Philodendron pastazanum K. Krause
has similar features and probably belongs here as
well. Another species known from the Amazonian
lowlands of Peru and believed to be new is also in
this group. Ail the species in this putative new sec-
tion are terrestrial plants with a unique growth form
for Philodendron. Ail have a short, repent, creeping
stem with erect leaves clustered near the apex. The
internodes are usually much broader than long and
have cataphylls persistent, sometimes persisting



somewhat intact. The petioles are frequently winged
or undulate-winged along adaxial margins (but not
P. gloriosum) and blades are typically quite attrac-
tive, sometimes mottled with paler green, sometimes
(as in P. gloriosum) somewhat velvety. The group is
restricted to South America chiefly in the upper Am-
azon region. Studies of the ovules are necessary to
confirm these speculations, and investigations will
be carried out as material becomes available.
 
5. Philodendron sect. Tritomophyllum (Schott)
    Engl., in Mart., Fl. bras. 3: 144. 1878. Philo-
    dendron grex Tritomophyllum Schott, Syn. Ar-
    oid. 107. 1856. Baursia sect. Tritomophyllum
    (Schott) T. Post & Kuntze, Lex. gen. phan. 63.
    1903. TYPE: P tripartitum (Jacq.) Schott (lec-
    totype, designated by Mayo, 1990: 63).
 
  The section is distinguished by having a scan-
dent habit, three-lobed leaf blades and 1-2 ovules
per locule. The section ranges from Mexico to South
America, ranging as far as Ecuador on the Pacific
slope and to Venezuela, the Guianas, and the Am-
azon basin. It is represented in Central America by
six species: P. angustilobum, P anisotomum, P co-
tobrusense, P. madronense, P. rothschuhianum
(Engl. & K. Krause) Croat & Grayum, and P. tri-
partitum. In South America there are a number of
species with 3-lobed leaves, including: P barro-
soanum, P cataniapoense, P effusilobum, P holton-
ianum, P hylaeae, P levelii, P panduriforme, and
P victoriae, ail now tentatively placed in P subsect.
Bulaoana, which might belong in P sect. Tritomo-
phyllum. Certainly P hylaeae, with 1-2 ovules per
locule and a strong similarity with P. tripartitum,
would appear to be closely related to P sect. Tri-
tomophyllum.
  Bunting (1986) placed P cataniapoense in P.
sect. Oligospermium "Gruppe" Doratophyllum (now
P subsect. Bulaoana) but this species has a single
ovule per locule, elongate intemodes, and decidu-
ous cataphylls. It may properly belong with P. sect.
Tritomophyllum.
  Some of the above-mentioned South American
species are doubtfully included here, since they
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have several (more than 1 or 2) ovules per locule.
Philodendron levelii has 2-4 sub-basal ovules, and
P. barrosoanum has 4-6 ovules attached above the
base. Philodendron victoriae is apparently closely
related to P. barrosoanum so it probably has similar
ovules. It is possible that none of these species be-
long to P. sect. Tritomophyllum, but on the other
hand they do not closely match P. bulaoanum, the
type of P. subsect. Bulaoana, either.
 
6. Philodendron sect. Schizophyllum (Schott)
    Engl., in Mart., FI. bras. 3: 144. 1878. Philo-
    dendron grex Schizophyllum Schott, Syn. Aroid.
    104. 1856. TYPE: P. pedatum (Hook.) Kunth
    (lectotype, designated by Mayo, 1990: 63).
 The section is a small but natural group of 6-7
scandent species with irregularly pedatisect leaves,
3-4 ovules per locule, and sometimes scaly petioles,
primarily restricted to eastem South America and
the Amazon basin, but with one species, P. pedatum,
more widespread and ranging to northwestern Co-
lombia. The species may occur in Central America,
according to horticulturist John Hall of Costa Rica,
who illustrated such a plant supposedly from the Osa
Peninsula. Characteristically, no material was col-
lected and this claim cannot be refuted.
 
7. Philodendron sect. Polytomium (Schott)
    Engl., in Mart., Fl. bras. 3: 145. 1878. Philo-
    dendron grex Polytomium Schott, Syn. Aroid.
    108. 1856. TYPE: P. radiatum Schott (lecto-
    type, designated by Mayo, 1990: 63).
 The section is a small group of 7-8 species with
pinnately or bipinnately lobed leaves from the West
Indies, Central America, and northern South Amer-
ica. Plants are vines or appressed climbers with
more or less terete petioles, generally deeply lobed,
large, moderately coriaceous blades, and flowers
with several axillary or sub-basal ovules per locule.
Only one species, P distantilobum K. Krause, was
reported for the Amazon basin, but another species,
P. pinnatifidum, placed erroneously, I believe, in PR
sect. Macrogynium, really belongs here as well. It
is also a species occurring in the upper Amazon
basin. Two additional species, P. angustisectum
Engl. and P. elegans K. Krause, occur in Colombia.
Philodendron fendleri occurs in Trinidad and north-
ern Venezuela, and P. lacerum (Jacq.) Schott occurs



in the Greater Antilles (Cuba, Jamaica, and His-
paniola). One poorly known species, P. houlettian-
um Engl., has been reported from French Guiana
but no material exists to confirm what it is. The
most widespread species in the section, P. radia-
tum, occurs in Central America, ranging from Mex-
 
 
ico (San Luis Potosf) to Colombia (Antioquia).
Philodendron radiatum var. pseudoradiatum is en-
demic to the State of Chiapas in Mexico. Central
American species in P. sect. Polytomium are P.
warszewiczii, ranging from Mexico to Nicaragua,
and P. dressleri, which is endemic to Mexico.
  Mayo (1986), following a cladistic survey of inflo-
rescence types, concluded that P. fendleri belonged in
a group with P. melinonii and P. pedatum. Based on
overall morphology I would conclude that the three
species are not closely related. The latter is, in my
opinion, a member of a distinctive section, P. sect.
Schizophyllum. Philodendron melinonii Brongn., a dis-
tinctive species with cordate blades and placed by
Krause in P sect. Macrolonchium, is in my opinion,
not related to either of the sections with lobed leaves.
 
8. Philodendron sect. Macrogynium Engl., Bot.
    Jahrb. Syst. 26: 553. 1899. TYPE: P hoff-
    mannii Schott.
 Philodendron sect. Macrogynium is one of two
small sections treated by Krause (1913) (the other
being P. sect. Camptogynium). Philodendron sect.
Macrogynium consists of a single species, P. jac-
quinii (treated by Krause as P. hoffmannii). Both
sections are represented by scandent species, dis-
tinguished by having the style prolonged and much
narrower than the ovary and a single ovule per loc-
ule. Despite these similarities the two sections are
very different from one another. Philodendron jac-
quinii (P. sect. Macrogynium) has setose stems and
thin, veiny, ovate-cordate blades which may be de-
ciduous during the dry season. Its spathe is bulbous
and roomy inside, quite unlike most species. The
style, though narrowed to the apex, has a typical,
hemispheroid stigma. For differences with P. sect.
Camptogynium, see below.
 Philodendron brevispathum, with its similarity to
P. jacquinii, might be considered a relative, but the
former has branched scales, not simple trichomes
on stems and petioles; a normal, sessile style; and
6-14 ovules per locule with axile placentation,
rather than 2 ovules per locule and sub-basal pla-
centation for P. jacquinii.
 This section appears, at least on the surface, to
be natural. No other species known is alike either
morphologically or ecologically. Its thin, veiny
leaves are deciduous in the dry season and the
large colorful infructescences are prominently dis-



played in a mostly deciduous environment.
 
9. Philodendron sect. Camptogynium K. Krause
    in Engl., Das Pflanzenreich IV. 23Db (Heft 60):
    3, 127. 1913. TYPE: P. longistilum K. Krause
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  In contrast to P. jacquinii, which has setose stems  known to have prolonged styles deflected to one
and thin cordate blades with prominent veins, P.   side, among them two undescribed species with
longistilum (P. sect. Camptogynium) has glabrous   cordate blades from western Ecuador, one based on
stems and oblanceolate, subcoriaceous blades with  Camp 3701 and the other on Jaramillo et al.
obscure primary lateral veins. The chief reason for 25449. However, neither has a cupular style apex.
its status as the only member of a section is the  These perhaps represent another section, or more
peculiar prolonged style, which is deflected to one  likely Krause's P sect. Camptogynium may have to
side and has a cupular apex. It is perhaps not as  be incorporated in P  sect. Calostigma, where it
unique as Krause assumed. Other species are now    might be easily accommodated.
 
 
KEY TO THE SECTIONS AND SUBSECTIONS OF P. SUBG. PHILODENDRON
la. Pistils usually 2-locular, rarely 3-locular; eastern South America and Amazon basin ---- PR sect. Philopsammos
lb. Pistils 4-10-locular; throughout the range of the genus.
   2a. Plants with primary lateral leaf veins moderately obscure; all South American (excludes P. wendlandii,
       which is transferred to P. sect. Calostigma) .--.---.-.-.--- ...--- ....--- .......---- P. sect. Baursia
   2b. Plants with primary lateral leaf veins usually much more prominent than the minor veins.
       3a. Pistil with style much narrowed and much prolonged beyond the body of the ovary and much narrower
           than ovary.
           4a. Style turned toward apex, perpendicular to the body of the ovary; South American species only
                ................................-- - - - --------------------.---- - -- -.. ..................... -------...  P  sect.  Camptogynium
            4b. Style straight, directed in the same axis as the ovary; Central and South America ..-----
                                                                .- . - ----------------...................... ........... ... P. sect. Macrogynium (P.
jacquinii)
        3b. Pistil with style about as broad as the ovary, scarcely prolonged beyond body of ovary.
            5a. Blades 3-lobed or deeply incised-lobate.
                6a. Blades 3-lobed; ovules 1-3 per locule, basal or sub-basal. [Note: P. subsect. Doratophyllum
                    with 3-lobed blades would also key here. See the discussion after that subsection.] ..-
                    .-.-.-..-.--....-.............. P. sect. Tritomophyllum [P. angustilobum (perhaps this belongs in
                    P. subsect. Macrobelium (Schott) Engl.), P. anisotomum, P. cotobrusense, P. madronense, P.
                                                                                rothschuhianum, P. tripartitum]
                6b. Blades incised-lobate; ovules 2-8 per locule, sub-basal or axile.
                    7a. Blades divided along the anterior lobe into two or more divisions, each division in turn
                        terminating with much smaller lobes; petioles sometimes with trichome-like scales;



                        South America only -.. -.--- .........-. _.. .. ......... ........... .......   P. sect. Schizophyllum
                    7b. Blades pinnately or bipinnately lobed, the divisions + uniform along the anterior lobe; petiole
                        never scaly; Central and South American species  ..-...  .    .------------ ----
                        ..-.....-................................. . P. sect. Polytomium  [P. dressleri, P. radiatum, P. warszewiczii]
            5b. Blades entire, sometimes with the anterior lobes markedly concave, but the blade not markedly
                3-lobed or incised-lobate.
                8a. Pistils with axile placentation; ovules usually 15 or more per locule, seldom with as few as
                    10 per locule, rarely  fewer  -- --.............................. .....-.. ..................  P. sect. Philodendron
                    9a. Blades cordate to subcordate or sagittate at base; petioles various.
                        10a. Petioles ! D-shaped in cross section, sharply flattened adaxially, sometimes also
                             with the lateral margins raised.
                             lia. Stems with internodes much broader than long .--.-------------  -
                                   _..._.... ........... P. subsect. Macrolonchium (Schott) Engl. [P. fragrantissimum]
                             llb. Stems with internodes about as broad as long or longer than broad .-----
                                  P subsect. Platypodium (Schott) Engl. [P. brunneicaule, P. copense, P. findens,
                                                                                     P. fortunense, P. pterotum]
                        lOb. Petioles terete or subterete.
                             12a. Petioles warty at apex; South American species (excluding P. grandipes er-
                                  roneously placed here by Krause); P. ornatum Schott and relatives .---
                                  .. .--------.-.--......... ................... P  subsect. Psoropodium  (Schott) Engl.
                             12b. Petioles smooth or conspicuously scaly but not merely warty at apex.
                                   13a. Plants scandent; intemodes much longer than broad; cataphylls usually
                                       deciduous; blades cordate .......... P. subsect. Solenosterigma (Klotzsch
                                               ex Schott) Engl. [P. brevispathum, P. purpureoviride, P. hederaceum]
                                   13b. Plants usually not scandent, either terrestrial or appressed-climbing
                                       with internodes broader than long or not much longer than broad; cat-
                                       aphylls usually persistent, rarely deciduous; blades ovate to sagittate.
                                       14a. Plants with petioles scaly -..-.... P. subsect. Achyropodium (Schott)
                                                   Engl. [P. glanduliferum, P. hammelii, P. malesevichiae,
                                                             P. squamipetiolatum, P. squamicaule, P. verrucosum]
                                        14b. Plants with petioles smooth, not scaly ..--  P. subsect. Philodendron
                                             15a. Cataphylls deciduous intact or sometimes becoming fibrous
                                                  but soon deciduous .--.-.-.- P. ser. Philodendron Schott
                                                                        [P. giganteum (not in Central America)]
                                             15b. Cataphylls persisting as a mass of fibers.
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                                                    16a. Blades matte on lower surface.
                                                         17a. Blades matte, not velvety on upper surface, whit-
                                                              ish and glaucous on lower surface ...............
                                                              P ser. Impolita Croat [P. hebetatum, P strictum,
                                                                                                   P thalassicum
                                                         17b. Blades velvety on upper surface, not whitish and
                                                              glaucous on lower surface .................



                                                                                P. ser. Velutina Croat [P. gigas]
                                                    16b. Blades usually semiglossy, never whitish or glaucous,
                                                         on lower surface.
                                                         18a. Sap brown to clear, never chalky ............
                                                               ............ .. P. ser. Fibrosa Croat [P. alticola,
                                                               P antonioanum, P breedlovei, P chiriquense, P
                                                               dodsonii, P grandipes, P jodavisianum, P lazorii,
                                                               P llanense, P panamense, P pirrense, P puul-
                                                                     hense, P scalarinerve, P schottianum, P. tenue]
                                                         18b. Sap white and chalky .
                                                                      .... -.... P ser. Albisuccosa Croat [P albisuccus]
                    9b. Blades acute to obtuse at base; petioles subterete and smooth     .
                                P subsect. Canniphyllum (Schott) Mayo [P chirripoense, P cretosum, P roseospathum]
                8b. Pistils with basal or sub-basal placentation; ovules few per locule, usually fewer than 5, seldom
                    up to 8, rarely as many as 12 (but with some locules in the same inflorescence with as few as
                    6 ovules per locule) ......... .......-. --. ...-..--.... ..- _ ......-........................................  P  sect. Calostigma
                    19a. Plants usually appressed hemiepiphytic climbers; internodes frequently as long as wide
                         or longer than wide; widespread in both Central and South America.
                         20a. Blades deeply 3-lobed; cataphylls persisting in a dense, reddish brown layer of
                              fibers; South American species only; P acuminatissimum Engl., P bulaoanum
                              Engl  -       ....  ..--........-.....-.......   . ...... .......... .----.......-.-...  P  subsect. Bulaoana  Mayo
                         20b. Blades not at ail 3-lobed, cordate, sagittale, or  oblong; cataphylls deciduous or
                               persistent, fibrous or intact; widespread in both Central and South America.
                               21a. Inflorescences both small and numerous, usually more than 6 per axil, less than
                                    5 cm long  P........ R subsect. Oligocarpidium (Engl.) Mayo [P. clewellii, P heleniae]
                               21b. Inflorescences of normal size, typically 1-few and more than 5 cm long.
                                    22a. Pistils with several ovules per locule; petioles rarely with purple ring
                                         at apex; blades sagittate or cordate at base --.---- P. subsect. Macrobelium
                                         23a. Cataphylls deciduous.
                                               24a. Leaf blades with minor veins nott a ail etched into upper
                                                    surface .............. P. ser. Macrobelium (Schott) Croat
                                                    [P. advena, P. annulatum, P aromaticum, P coloradense,
                                                    P dwyeri, P edenudatum, P ferrugineum, P grayumii, P
                                                    knappiae, P mexicanum, P platypetiolatum, P sagitti-foli-
                                                         um, P sousae, P subincisum, P verapazense, P zhuanum]
                                               24b. Leaf blades with minor veins etched into upper surface .
                                                                        .....-.-.. ---....   P ser. Ecordata Croat [P
                                                     brenesii, P crassispathum, P davidsonii, P lentii, P niqueanum]
                                         23b. Cataphylls persistent.
                                               25a. Cataphylls weathering and persisting as fibers
                                                                       P. ser. Reticulata Croat [P. jefense, P tysonii]
                                              25b. Cataphylls persisting intact; stems markedly succulent ....
                                                           ..... .... . . .... ... . P  ser. Pachycaulwa  Croat [P  bnsii
                                    22b. Pistils with ovules solitary (or sometimes 2, as in P wilburii) in each
                                         locule; petioles frequently with purple ring at apex (P subsect. (hlsso-
                                         phyllum); blades elongate (P ser. GlCssophyllum) or  ovate (P subsett.
                                         Glossophyllum ser. Ovata).
                                         26a. Blades mostly - oblong and acute to narrowly suhonrate ati base;
                                              petioles frequently with a purple ring ai apex
                                                                                         P subsect. Closso-
                                              phyllum(Schott) Engl.; P ser. Glossophyllum (IShoti) Croat |P au-
                                              riculatum, P bakeri, P brewsterense, P correae, P. dolichoph llum,
                                              P folsomii, P granulare, P immixtum, P ligulatum, P. morii,
                                              P pseudauriculatum, P ubigantupense, P uteyanum, P. wendlandiit
                                         26b. Blades ovate to ovate-triangular, cordate to suhbordate at base;
                                               petioles usually lacking a purple ring ai apex
                                                                                        P. subsect. Glosso-



                                               phyllum; P ser. Ovata Croat [P. cotonense, P dominicalense, P
                                               microstictum, P. smithii, P straminicaule, P sulcicaule, P wilburii]
                    19b. Plant habit unknown; internodes much broader than long; Colombia (exact locality
                         unknown)       ...... ......... ... .... -.--  -  P. subsect. Ewardium  (Engl.) Mayo
 
 Note: For an outline of the sectional classification of Philodendron subg. Philodendron in Central America see
Appendix 3.
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MORPHOLOGY OF VEGETATIVE STRUCTURES
ANATOMY
Vegetative anatomy. (Section on Vegetative Anat-
omy contributed by R. C. Keating; vouchers will be
cited by Keating (in press)).
 General comments. Philodendron has secretory
ducts present in all morphological parts. These oc-
cur mostly as 2-4 "files" in vascular bundles. La-
ticifers are of the non-anastomosing type, simple
and articulated (French, 1988). The genus also has
secretory ducts present in roots, stems, leaves, and
inflorescences. The roots have a sclerotic hypoder-
mis.
  Leaf surfaces. Cuticle smooth or occasionally
rough on both surfaces. Epidermis: adaxial cells po-
lygonal (1-2:1), straight-sided. Abaxial cells simi-
lar to or larger than adaxial cells or more elongate
(2-4:1 1/w). Stomata: abaxial, randomly oriented,
brachyparacytic to brachyparahexacytic. Venation:
secondary veins parallel with reticulate higher or-
der veins.
  Leaf Cross Section. Cuticle of medium thick-
ness, may intrude deeply along anticlinal walls of
epidermal cells. Abaxial cuticle may be thinner
and smooth or striate. Epidermal cells: large or
small, square to columnar or tile-like adaxial cells,
larger abaxially, or same size; outer and inner walls
fiat. Stomata level with surface with conspicuous
double cuticular flanges often present. Hypodermis:
absent or as 1-3 layers present on adaxial side of
midrib, or as isodiametric cells beneath both epi-
dermal layers (in P crassispathum, hypoderm of 1-
4 layers adaxially and 2-3 layers abaxially), cells
may contain dark material. Mesophyll: palisade 1-
4 layers of elongated or rounded cells, usually
packed with plastids; occupying 10-30% of lamina.
Spongy layers up to 15 cells deep. Air spaces: large,



substomatal cylinders perpendicular to surface;
30-90% space in spongy layer; or air cavities ir-
regular in some species. Paradermally, spongy tis-
sue with one layer of unarmed cells over abaxial
epidermis, then small cells or short-armed cells
surrounding large air cavities extending from sto-
mata to palisade cells; 3-5 spongy cells per uni-
seriate partition. Large cavities in midrib separated
by uniseriate partitions of ground tissue, partitions
3-4 cells long between junctions. Collenchyma: 4-
5 discrete subepidermal layers of small cells on
abaxial side of midrib, often extending to vascular
bundles.
  Vascular bundles. One to several large bundles
in the midrib, often at corners of a net-like aeren-
 
 
chyma; well delimited, with 1-5 large metaxylem
cells, next to a small, round or elliptic phloem
strand. Sclerenchyma: fibers, usually as a phloem
cap 1-3 layers deep, and less commonly as a xylem
cap. Some laminar bundles ensheathed with fibers.
Fibers having up to 5 discrete wall layers. Xylem
cells often ringed with a single layer of small pa-
renchyma cells. Secretory ducts: occasional in mid-
lamina or midrib with 1-2 layers of epithelium. La-
ticifers: lateral to vascular bundles, 2-3 per bundle,
outside fibers, often with short processes protruding
between adjacent mesophyll cells; containing dark
amorphous contents. Starch: abundant in midrib
ground tissue, not seen in lamina. Crystals: raphi-
des common or uncommon in single packets in
short or elongate cells, ends protruding across par-
titions into both adjacent air spaces, or in large
rounded cells of upper or lower mesophyll. Raphide
packets occasionally surrounded by dark sheaths
within the cell (in P crassispathum crystal cells
elongated parallel with vascular bundles). Druses
rare or common, often coarse and sharp-pointed, in
rounded cells in palisade and spongy tissue parti-
tions. Crystal sand absent or common in most me-
sophyll cells.
 
  Petiole Cross Section. Cuticle smooth and thin.
Epidermis of small cells, level or rounded on sur-
face and inner walls rounded to angular. Hypoder-
mis of 2-4 layers. Collenchyma beneath hypoder-
mis as a continuous band of 4-8 layers of angularly
thickened, longitudinally elongated cells (8-10:1).
Chlorenchyma: up to 5 rows of cells inside collen-
chyma, and in addition, in P jodavisianum, as per-
pendicular partitions dividing the collenchyma
band, and reaching subepidermal layers. Ground
tissue of various sizes of parenchyma cells among
numerous small to medium-sized air cavities sep-
arated by uniseriate partitions of up to 3 cells long.
Cells often longitudinally elongated (3-6:1 1/w).



Vascular bundles numerous and scattered, mostly
oriented with phloem facing perimeter. Bundles are
parallel in longitudinal section with some higher
order angular connections. Xylem of 1-3 protoxy-
lem cells per bundle, with spiral to annular thick-
enings, and occasionally one metaxylem element.
Phloem of sieve cells and companion cells forming
organized grid. In longitudinal section, sieve ele-
ments with horizontal to 45 oblique end walls.
Sclerenchyma: fibers forming phloem cap, 2-4 cells
deep, usually not fully surrounding phloem later-
ally. In some species, fiber caps surrounding xylem
and phloem or ensheathing entire bundle.
  Secretory ducts surrounded by epithelium and
1-2 rows of additional small cells, very common in
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collenchyma and common in ground tissue. Latic-
ifers: 1-3, found laterally on one or both flanks of
vascular bundles; non-articulated. Starch common
throughout ground tissue, rare in collenchyma.
Crystals: narrow raphide cells occasional, oriented
across aerenchyma partitions with ends pointing
into air cavities, or cells randomly oriented. Druses
present subepidermally and in cells bordering air
cavities. Small groups of small prismatics common
in ground tissue.
  Stem Cross Section.   1-3 cm diam. Cuticle of
medium thickness, smooth to rough-surfaced. Epi-
dermis of very small cells, outer walls rounded.
Cork: cells may be present subepidermally. Hypo-
dermis: a subepidermal layer of large cells, over 1-
2 layers of thick-walled fibers, followed by thin-
walled periderm cells. Collenchyma: angularly-
thickened cells, 3-10 layers deep, beneath peri-
derm. Cortical ground tissue of loosely packed pa-
renchyma. Air cavities: cell-sized or smaller in ail
ground tissue. Central cylinder: weakly delimited
by a circle of vascular bundles, some of which tan-



gentially fused in pairs or threes by phloem fibers
and confluent phloem strands. Cortical bundles
randomly scattered. Vascular bundles collateral and
highly variable in form and orientation. Compound
bundles numerous in central cylinder with irregular
fiber strands in center of groups of 2-6 bundles.
Small phloem strands outside fibers facing groups
of 1-2 metaxylem elements on outer side. Simple
collateral bundles may have a large wide strand of
fibers surrounding phloem, a very small irregularly
shaped strand of fibers, or no fibers. Fibers having
up to 7 discrete wall layers visible.
  Secretory ducts small and numerous in collen-
chyma and outer cortex, less common elsewhere.
Duct cavities surrounded by two modified layers of
small cells; contents of cavities testing positively
for lipids. Laticifers: absent or present as 1-3 cells
lateral to many vascular bundles, occasional in
phloem. Crystals: raphides as single packets in
elongate cells, most common in central cylinder.
Druses of ail sizes common in small cells in cortex.
Vascular anatomy. The configuration of shoot vas-
culature of Philodendron has been extensively
studied by French and Tomlinson (1980, 1981,
1984). They reported the genus to be one of the
most diverse in the family from an anatomical point
of view. The axis of the vascular system of Philo-
dendron is continuous throughout the stem because
the renewal shoots develop precociously and be-
cause the morphologically terminal parts of the
stem soon become branches (French & Tomlinson,
1984). Ail species of Philodendron examined by
 
 
French and Tomlinson have an "independent cor-
tical vascular system of traces that pass from the
leaf into the cortex, but without entering the central
cylinder." Generally the cortex is wide with 3-5 or
more indistinct series of bundles. Cortical bundles
are collateral, typically with a fibrous sheath next
to the phloem. Major leaf traces enter the cortex at
an acute angle and promptly enter the central cyl-
inder, while smaller traces enter the cortex at a less
acute angle and may enter the central cylinder well
below where they entered the cortex. No endoder-
mis was observed by French and Tomlinson for any
of the species.
  Philodendron subg. Philodendron has secretory
resin canais occurring in the cortex. These consist
of a schizogenous space lined with 2-3 layers of
epithelial cells and contain a Sudan IV-staining
resin (French & Tomlinson, 1984). The central cyl-
inder is separated from the cortex by an arrange-
ment of vascular bundles into which the leaf traces
merge. Bud traces are equal on both sides and form
an arc near the periphery of the central cylinder
before joining with the axial bundles.



  In their survey of 3-dimensional arrangement of
vascular bundles, leaf traces and axial bundles
were distinct, with the leaf traces consistently col-
lateral with protoxylem and usually with a promi-
nent sheath of sclerenchyma next to the phloem.
The axial bundles were divided roughly into five
groups, four of which pertain to P subg. Philoden-
dron.
  In the P hederaceum pattern (French & Tomlin-
son pattern 1) there are simple collateral bundles
with some bipolar bundles in the central cylinder
of the internodes with thin-walled and non-lignified
ground tissue.
  Another relatively rare pattern involving P sect.
Baursia (but not a Central American representative
of the section) and P jacquinii (pattern 3 of French
& Tomlinson) has compound bundles throughout
the central cylinder with individual compound bun-
dles consisting of strands of xylem and phloem sep-
arated from each other by sclerenchyma "in the
form of a partial or complete sheath" (French &
Tomlinson, 1984). In P jacquinii leaf traces enter
the central cylinder but make a variety of config-
urations, sometimes including pairing before join-
ing the compound bundles. Compound bundles do
not make a particularly straight course, sometimes
bundling and pairing within and between com-
pound bundles.
 A pattern of vascular bundle traces exhibited by
P fragrantissimum and P roseospathum (French &
Tomlinson pattern 4) is similar to pattern 3 except
that "the pattern of the vascular components with
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compound bundles is less clear because compo-
nents are not separated by sclerenchyma" (French
& Tomlinson, 1984). The sclerenchyma occupies
the central core but does not isolate individual bun-
dle components.
 The pattern for P mexicanum and P sagittifol-
ium (French & Tomlinson pattern 5), described as
the most common in the genus, has axial bundles
strictly amphivasal with a central core of phloem



and a peripheral region of xylem. The tracheary
elements may form a more or less continuous cyl-
inder or may be arranged in clusters around the
phloem. Leaf traces penetrate the central bundle
and fuse with the central cylinder, while the scle-
renchyma sheath of the trace migrates to the center
of the axial bundle.
 
Habit and growth patterns. In terms of growth
habit Philodendron is clearly one of the most vari-
able genera in the Araceae (Blanc, 1977a, 1977b,
1978, 1980; French & Tomlinson, 1981). The habit
ranges from terrestrial to epiphytic or hemiepiphy-
tic (primary or secondary). Secondary hemiepiphy-
tes may be vines or appressed-climbers.
  Relatively few Philodendron species are terres-
trial, although a few are consistently terrestrial.
These include P glanduliferum, P grandipes, P.
malesevichiae, and perhaps P hammelii (known
only from a single collection). The stem of P glan-
duliferum (Fig. 198) is usually repent. Other spe-
cies are mostly terrestrial, but sometimes hemiepi-
phytic: e.g., P. basii, P. roseospathum  var.
roseospathum, and P warszewiczii. Philodendron
knappiae is about equally terrestrial or hemiepi-
phytic. Label data regarding habit on herbarium
collections are often suspect, with many herbarium
labels using the term "epiphyte" when in fact the
collections were probably rooted in the soil and
were therefore technically hemiepiphytic. In addi-
tion, although many species have collections re-
porting them to be terrestrial, the majority were
probably found on the ground as a result of acci-
dentally falling from trees. Many collections are
naturally made in virgin forest areas where man-
made disturbances such as road building give ac-
cess to the forest. In such areas, and especially in
the regrowth along road cuts, aroids are very com-
mon. Many Philodendron species, e.g., P lentii
(Fig. 261) and P squamicaule (Fig. 382), persist in
excellent condition on steep roadbanks because the
steep clay slopes allow adequate drainage for the
plants to survive. Still, these are somewhat unusual
situations. On the other hand, stream banks often
provide similar habitats.
  Many members of P subg. Philodendron are
 
 
hemiepiphytic, meaning that they are growing on
trees as appressed climbers or as vines, while being
rooted in the soil. There are two types of hemiepi-
phytes (Putz & Holbrook, 1986). Primary hemiepi-
phytes begin their lives when seeds germinate on
the host tree, in the same way as true epiphytes,
then go on to develop slowly until they reach suf-
ficient age and size to begin developing long aerial
roots that may eventually reach the ground. This



growth strategy enables the species to quickly at-
tain a height where light is adequate but nutrients
are more difficult to obtain. Not surprisingly, one of
the most successful species with this life form is P
megalophyllum Schott, which often lives on ant
nests from which it obtains extra nutrients. No Cen-
tral American species are known to live exclusively
with associated ants, although occasional ant nests
occur among the cluster of roots of many species.
The roots hold the otherwise fragile ant nest to pre-
vent it from being washed away in the rain. Ex-
amples of this type of hemiepiphyte are P goeldii
G. Barroso, P solimoesense A. C. Sm., P megalo-
phyllum (all from South America), and P radiatum
(Fig. 1), the only species known with this growth
form in Central America.
  Secondary hemiepiphytes (Putz & Holbrook,
1986) start their lives on the ground or on tree
trunks near the ground (where they may send roots
to the ground) and climb trees where they become
adults and may lose their connection with the
ground. Most Philodendron sect. Philodendron are
members of this group.
  As is the case with most Araceae, adult plants
of P subg. Philodendron have homeophyllous mon-
opodial growth" (monophyllous sympodial of Rit-
terbusch, 1971) with each article bearing a cata-
phyll and a leaf. When the plant is mature, each
article is terminated by an inflorescence (Ray,
1986, 1987b) or its aborted remains (Engler, 1877;
Ritterbusch, 1971). The branching pattern for P
subg. Philodendron has the prophyll following each
internode suppressed, with a single foliage leaf fol-
lowed by the inflorescences and with the internode
subtending the prophyll of the elongation shoot be-
ing suppressed. Growth patterns for P subg. Philo-
dendron were diagrammed schematically by Engler
 
  " "In monopodial growth, flowering occurs on axillary
short shoots and does not interrupt the formation of the
main shoot by a single apex. In monophyllous sympodial
growth, after the shoot terminates in an inflorescence
(which often aborts at the primordial stage), each contin-
uation shoot will produce only a single foliage leaf before
terminating in another inflorescence, and being replaced
by another continuation shoot with one foliage leaf" (Ray,
1987b).
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(1877) and Ray (1988) and discussed in detail by
French and Tomlinson (1981). In contrast to adult
plants of P subg. Philodendron, the juvenile growth
phase (with a few exceptions) has monopodial (ac-
tually anisophyllous sympodial) growth with an ar-
ticle bearing an indeterminate number of foliage
leaves before terminating in the first (likely abort-
ed) inflorescence, marking the transition into ho-
meophyllous sympodial growth where each article
has a fixed number of leaves and is terminated by
an inflorescence or its aborted remains. This tran-
sition does not mean that stem has reached matu-
rity. It has only made a transition from monopodial
(actually anisophyllous sympodial) growth to ho-
meophyllous sympodial growth. At this point, the
plant is probably still not mature, and while every
article will end in an infloresence, these will ail be
aborted. Later, after further thickening of the stem,
the shoot will become mature, and this will be in-
dicated by the fact that the inflorescences do not
always abort (T. Ray, pers. comm.).
  In contrast to P subg. Philodendron, P subg.
Pteromischum has monopodial growth only up until
the time of flowering when it is followed by aniso-
phyllous sympodial growth, wherein the stem arti-
cles bear a variable number of leaves before pro-
ducing another inflorescence. Each new branch
forms from a bud in the "axil of the penultimate
leaf of the previous unit" (French & Tomlinson,
1981). Both P subg. Pteromischum and P subg.
Philodendron have development of the stem beyond
each terminal inflorescence. Thus although P. subg.
Philodendron appears to have an unbranched stem
with an inflorescence in each leaf axil it is really
producing a new branch after producing each leaf.
Close examination will show that a bud for the re-
newal shoot occurs on each article just below the
point of overlap of the sheath edges of the cataphyll
(prophyll of Ray, 1987a). It is from this point that
the new branch will form. There is also a second,
supernumerary bud which lies below (proximal to)
the bud for the renewal shoot. This acts as a reserve
meristem, lying dormant unless the stem is severed
just distally to it (French & Tomlinson, 1984).
 Unlike P. subg. Philodendron, P. subg. Pterom-



ischum typically does not branch after the produc-
tion of each new leaf and therefore lacks compa-
rable branch buds. The inflorescences are never
produced terminally on determinate lateral branch-
es (Grayum, 1996).
 Internode length and width are altered markedly
as the plant climbs, with the internodes getting ever
shorter and thicker. Ray (1986) has shown a direct
correlation between the length and width of an ar-
ticle (one segment of the stem) demonstrating that
 
 
the length-width ratio is fixed and varies according
to a set pattern. Ray (1987b) categorized four dif-
ferent types of stem segments based on where the
leaf was attached to the stem. In P subg. Philo-
dendron ail species had the petiole attached to the
lower end of the stem segments, and these are re-
ferred to as "hypophyllous segments." Most species
of P subg. Pteromischum have "hyperphyllous seg-
ments" where the petiole is attached to the upper
end of the stem segment. "Ambiphyllous seg-
ments," where the stem segment is so short that the
petiole is attached across the entire segment, is also
known in P subg. Pteromischum and is also the
most common type elsewhere in the family. The
fourth type of sympodial stem segment, referred to
as "peraphyllous segments" and presently known
in the family only in P subg. Pteromischum, has
the stem segments elongated and extended below
the point of attachment of the cataphyll.
  Most members of P subg. Philodendron have
leaves that turn from juvenile to adult gradually as
the plant climbs so that there is no abrupt transition
to adult foliage.
  Although not as pronounced as in Monstera or
Syngonium, leaf dimorphy is present in some spe-
cies of Philodendron. For example, in P hedera-
ceum var. hederaceum juvenile leaves have short
petioles tightly appressed to the tree, more or less
like the "shingle" leaves of Monstera. They are also
dark blackish green and velvety above and often
somewhat purplish violet beneath. The adult plants
have spreading leaves with longer petioles and
smooth, semiglossy blades. The velvety blades
seem to be associated only with the earliest growth.
Once the plant grows up high enough on the tree
the leaves become smooth and semiglossy. Further
growth, even when it represents a reversion to
smaller-leaved forms, results in the same smooth,
semiglossy texture as that of the adult.
 Philodendron hederaceum and other scandent
species tend to climb high up the trunk of the tree
then spread into the canopy and finally often hang
down from branches before they flower. Philoden-
dron jacquinii often has a similar habit. Some scan-
dent species, such as P. brevispathum and P. sul-



cicaule, typically sprawl over lower vegetation
rather than high in the canopy.
 The amount of internode elongation varies im-
mensely in some vining species, such as P immix-
tum, P hederaceum, and P sulcicaule, with inter-
nodes 10-20 cm long (even longer on plants that
are juvenile or have reverted to a "searching mode"
as the result of dislodgement from the tree). Usually
internode length varies considerably depending on
the light and nutrients available for growth. Even
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fully adult plants with very short intemodes can be
induced to produce longer intemodes in cases
where the plant is accidentally displaced from its
growing situation or if it becomes heavily shaded.
 Some species have evolved the ability to produce
flagellate branches in an attempt to reposition
themselves. These have long slender internodes
and reduced leaves. At first the flagelliform growth
spreads laterally, but if no other growth support is
in the immediate vicinity the branch inclines to-
ward the ground where it may creep across the sur-
face and ascend another tree. Blanc (1980) referred
to these as "flagelles" or "stolons." Ray (1987b)
indicated that these flagellate branches are usually
developed when a plant overgrows its support or is
accidentally dislodged, but in some species, e.g.,
P. fragrantissimum, the flagellate branches may de-
velop from a normally growing plant (Croat, 1978).
Philodendron linnaei Kunth, a South American
species, has developed this method of locomotion
to an extreme. That species produces a series of
rosulate clusters of leaves ail interconnected by
more slender flagellate stems, which ascend the
tree trunk. After a period of rapid growth resulting
in long, narrow intemodes with the leaves reduced
to small scales, the plant produces a series of short
thick internodes, each of which is associated with
an increasingly larger leaf, and leaves arranged in
a tight rosette (Ray, 1987b). Ray (pers. comm.) re-
ports that "with only a few exceptions, flagellar



shoots do not occur in species with homeophyllous
growth. Flagellar shoots are almost universal among
climbing species with anisophyllous or intermittent
homeophyllous growth, but almost totally lacking
among climbing species with homeophyllous
growth."
 
Stems. Stems vary considerably in length depend-
ing on the nature of growth. Vines, such as P hed-
eraceum, may produce stems well over 30 m long,
whereas the more slow-growing appressed climbing
hemiepiphytes rarely have stems more than about
2 m long. The youngest part of the stem bears most
of the leaves and has the newest root growth in-
cluding the most active feeder roots. Older portions
of the stem have thick, strong roots usually tightly
fastened to the tree, anchoring it in place. Some
roots all along the stem extend downward along the
stem and may lead ail the way to the ground. The
older portion of the stem is often devoid of any
leaves and usually lacks even cataphyll fibers. The
bare stem clearly shows the petiolar and cataphyll
scars (Figs. 9-12). See discussion below. Inspection
usually shows that the older portions of the stem
have been at some time attacked by root borers so
 
 
there may be surface damage or more likely active
root borers in the center of the stem. Eventually the
lower part of the stem rots away as the stem climbs
higher on the side of the tree.
 Stems of Philodendron are typically unbranched,
but may be branched naturally, as in many species
of P subg. Pteromischum, or through injury. Com-
monly internodes become increasingly shorter and
thicker toward the apex of the stem on appressed-
climbing plants, but some species, e.g., P. fragran-
tissimum, may from time to time begin to produce
long slender intemodes to enable the plant to enter
a colonizing mode (see above section on "Habit and
Growth Patterns").
  Mayo (1991) described differences in the
branching pattern of P. subg. Philodendron and P
subg. Meconostigma. While most P. subg. Mecon-
ostigma have very short internodes, some species,
e.g., P. leal-costae Mayo & Barroso and P. corco-
vadense Kunth, have elongated internodes. In these
species the elongated internode of each article is
the one between the cataphyll (prophyll of Ray,
1987a) and the succeeding foliage leaf, while the
intemode preceding the cataphyll is abbreviated.
In P. subg. Philodendron the elongated internode is
the hypopodial internode (which precedes the cat-
aphyll), while the internode between the cataphyll
and the foliage leaf is the abbreviated one.
  Stems of Philodendron are typically rich in tax-
onomic characters, and together with their associ-



ated cataphylls, yield some of the best key char-
acters for identification. Normally these stem
characteristics are useful only at the specific level,
but Grayum (1996) has found the dried stem color
to be useful in separating the two sections of P
subg. Pteromischum. Unlike most Anthurium spe-
cies, which have internodes so short that the epi-
dermal features are for the most part obscure or
very uniform, Philodendron has features important
both before and after drying. The internodes ofmost
appressed-climbing hemiepiphytes are actually
broader than long at maturity (Figs. 10, 394, 443),
but some species, such as P. advena (Fig. 38) and
P. straminicaule (Fig. 392), have internodes typi-
cally longer than broad (though short enough that
the plants are not considered scandent). Only nine
species in Central America have internodes longer
than 25 cm on adult or preadult plants. Alterna-
tively, many species have short internodes, with 33
Central American species having intemodes to only
5 cm long or less.
  Internode width is somewhat less variable, rang-
ing from less than 3 mm diam. in P. chirripoense to
10 cm diam. in P. gigas. Only nine additional spe-
cies (P. chiriquense, P. copense, P. dressleri, P. fer-
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rugineum, P. fortunense, P. grayumii, P. pterotum,
P. schottianum, and P. warszewiczii) have stems that
attain diameters greater than 7 cm. Most species
have relatively narrow internodes, with 44 species
having internodes of no more than 3 cm diam., and
16 species with internodes of less than 1.5 cm
diam.
  Fresh stems often have characteristic surface
features. Surfaces are frequently speckled with a
lighter or darker pattern of green. The surface may
also be short-lineate (Fig. 2) or may present a com-



bination of short lines and speckles (Fig. 3). At
other times the surface may be weakly to promi-
nently striate as in P. anisotomum, P. hederaceum,
and P. wilburii. The stems may be glaucous as
sometimes in P. dodsonii, P. fortunense, P. immix-
tum, P. ligulatum, P mexicanum, and P. wendlan-
dii. Frequently the internodes are coarsely short-
costate (Fig. 2) near the apex of the internode, as
in P. chiriquense, P. grandipes, and P. schottianum.
These apparently represent areas at which roots
will emerge later.
  Stems are commonly smooth but may be minute-
ly wrinkled, as in P. verrucosum, or sparsely warty,
as in P. brunneicaule, or setose, as in P. jacquinii,
or with often branched, trichome-like scales (Fig.
5), as in P. brevispathum. Other species with scaly
stems are: P. hammelii, P. malesevichiae, P. squam-
icaule, P. squamipetiolatum, and P. verrucosum.
Even stems of species with smooth epidermis are
often weakly fissured in fresh condition (Fig. 2).
  Coloration of fresh stems may also be character-
istic; typically, they are medium to dark green when
fresh, turning gray-green to brownish, yellow-brown
or reddish brown in age. Often several transitional
stages are involved, e.g., medium green to gray-
green, to yellowish green and finally yellowish or
reddish brown. This final stem color is often the
same as the color of the stem of artificially dried
herbarium collections, but at other times the dried
stem color of the herbarium collection is not the
same. Thus it may be important to note the color
of the fresh stem before drying takes place. Natural
aging of the stems often causes a scurfy condition,
which results from numerous close cracks (Figs. 4,
5). Sometimes these minute fissures are restricted
to a specific point of stress yet not visible elsewhere
(Fig. 5).
 Another important feature is the extent to which
the stem wrinkles or cracks or is otherwise distorted
by the drying process. The results of the drying
process are usually quite consistent from collection
to collection, such that the dried stem and the fea-
tures it exhibits provide useful recognition char-
acteristics.
 
 
  Stems commonly dry with irregular (or some-
times regular) ribs and intervening sulcae, reflect-
ing shrinkage of the relatively indurate outer sur-
face of the stem compared to the rather soft,
somewhat aerenchymatous stem interior. In some
cases the regularity and severity of this ribbing pro-
vide especially useful characteristics, e.g., in P. sul-
cicaule the stems of which become prominently
ribbed in the course of normal development, and
in P verapazense where the stems become regularly
and conspicuously ribbed on herbarium collections.



  In addition to frequently present longitudinal
ribs, in e.g., P. findens, P. fortunense, and P. helen-
iae, stems may be transversely fissured or checked
with small to large fissures. These may be quite
regular or irregular in severity or spacing. While
sometimes characteristic, these transverse stem fis-
sures tend to be somewhat less consistent than the
longitudinal fissures. However, for some species
such as P. edenudatum, P. ferrugineum, P. findens,
P. fortunense, P. ligulatum, P. malesevichiae, P.
mexicanum, and P. wendlandii (among others), the
stems are frequently transversely fissured. Such
stems are particularly noteworthy in an unde-
scribed South American species, i.e., Croat 62785
from the Pacific coast of Colombia.
  Another feature exhibited by some dried stems
is an exfoliating epidermis, present in P. angusti-
lobum, P. cotonense, P. dodsonii, P. hederaceum, P.
schottianum, P. smithii, P. straminicaule, P. subin-
cisum, and P. tripartitum. In some cases the epi-
dermis not only cracks but may begin to loosen and
fall off or protrude away from the stem (Fig. 8), such
as in P. brevispathum, P. cotonense, P. dodsonii, P.
ligulatum, and P. purpureoviride. Occasionally this
feature is exhibited on fresh stems as well. This is
especially true if the stem is forced to bend by
falling from its support, such as in P. immixtum and
P. sulcicaule. The epidermis appears to be hard and
brittle, while the underlying stem appears to be
green and supple. In some cases the epidermis
seems to be naturally shed and replaced by another
epidermal layer on the fresh stem.
 
Petiolar scars. Although less conspicuous in gen-
eral than in Anthurium or in P. subg. Meconostig-
ma, the petiolar scars on the stems of P. subg.
Philodendron are nonetheless clearly visible unless
covered with persisting cataphylls. In contrast to
Anthurium the petiolar scars of P. subg. Philoden-
dron are generally much less indented but rather
are more or less flush with the general contour of
the stem surface. They may be moderately incon-
spicuous as in P rothschuhianum (Fig. 9) or mod-
erately conspicuous as in P. davidsonii (Fig. 10).
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Philodendron petioles are typically much swollen
at the base, so the scar is usually broader than the
rest of the petiole itself. Petiole scars vary from
(0.5-)1 to 4(-7.5) cm high and (0.7-)1 to 5(-7) cm
diam., but they are rarely more than 3 cm high and
3.5 cm diam. The average height and width for the
32 species studied is 2 cm high and 2.4 cm diam.
The peduncular scar is often quite conspicuous
(Fig. 5) and deep. Of ecological significance is the
fact that these deep holes left when the inflores-
cences fall off are the points of entry for phytoph-
agous insects, especially stem borers, which infect
the older and sometimes the younger portions of the
stems.
  Intravaginal squamulae (Dahigren & Clifford,
1982), so prominent in P. subg. Meconostigma, are
usually present but often inconspicuous in P subg.
Philodendron (Fig. 11). Mayo (1991) stressed this
as evidence of differences in two contrasting pat-
terns of stem elongation (see discussion under stem
above). In P. subg. Philodendron the intravaginal
squamulae (Fig. 11) are always immediately above
the cataphyll (prophyll of Ray, 1987a), whereas in
P. subg. Meconostigma the intravaginal squammu-
lae are immediately below the cataphyll scars and
often around the scar for the foliage leaf as well.
 
Roots. Philodendron roots have an anatomically
distinct layer of exodermis beneath the epidermis,
distinguished, among other things, by a long-cell/
short-cell pattern (French, 1987a). "Thick-walled,
pitted sclereids form a cylinder adjacent to the en-
dodermis and similar sclereids also occur singly or
in bands with suberized cork cells in the periderm
of older roots" (French, 1987a). Like those of other
members of tribe Philodendreae, Philodendron
roots have a sclerotic hypodermis. French reported
the scelerotic hypodermis to be distinctive because
of its position next to the exodermis and its occur-
rence in the primary axis. Another distinctive an-
atomical feature of the roots of Philodendron is res-
in canals with sclerotic sheaths (French, 1987a).
  All species of Philodendron produce adventitious
roots at some or ail nodes. The number of roots
developed seems to have more to do with the en-
vironment than with the species involved. Plants
that are appressed-climbing and in close contact
with the substrate generally produce the largest
number of adventitious roots. Roots may be of two
types, which differ both morphologically and ana-
tomically (Lierau, 1888; Porsch, 1911), either for
anchoring the plant to the substrate or for feeding



(van Tieghem, 1907; Went, 1893). The anchor roots
(Fig. 54) tend to be more numerous and shorter,
often with a dense layer of root hairs (they are
 
 
sometimes restricted to the side of the root that
contacts the substrate). They also have a propor-
tionately much smaller central cylinder and more
mechanical tissue to give them strength (Engler &
Krause, 1908) than those of feeder roots. They arise
principally at the nodes but may arise ail along the
internodes. Anchoring roots may spread from the
nodes as in P auriculatum (Fig. 12) or closely ap-
pressed to the surface of the tree on which they are
growing as in P gigas (Fig. 13). In contrast to the
anchoring roots, the feeder roots (Fig. 14) tend to
be much thicker and longer and usually extend to-
ward the ground. This behavior is to be expected
since Goebel and Sandt (1930) reported that feeder
roots of aroids are negatively heliotropic and posi-
tively hydrotropic. Feeder roots have a much broad-
er central cylinder and broader vessels and sieve
tubes. Feeder roots arise only at the nodes (Gra-
yum, 1990). Normally, the feeder roots are 2-4
times thicker than the anchor roots, and in P gigas
the feeder roots may be somewhat woody and up to
3.5 cm diam.
  Some species, such as P auriculatum (Fig. 12),
have spine-like branch buds sparsely scattered
along the length of the root, especially near the
stem. Some hemiepiphytes, such as P solimoesense
A. C. Sm. in South America, have roots that may
become markedly roughened with warty tubercles.
In such cases the only portion of the root that has
root hairs is the apex where the roots branch as
they near the ground. It is unknown whether these
roots are capable of absorbing atmospheric humid-
ity, as is true for some Anthurium species, but cer-
tainly they must be able to take in the free water
that runs down the root.
  French (1987a) reported that in P subg. Philo-
dendron a sclerotic hypodermis is entirely absent
in subterranean roots but present in the aerial roots.
Philodendron subg. Philodendron has elongated,
infrequently anastomosing resin canais that extend
lengthwise through the root cortex (French, 1987e).
They are lined with a layer of epithelial cells that
consist of thin-walled, unlignified cells (parenchy-
ma). In P subg. Philodendron and P subg. Pter-
omischum the epithelium is surrounded by a sheath
with lignified cell walls. In contrast, P subg. Me-
conostigma has resin canal sheaths that lack a scle-
renchyma and instead have 2-5 layers of (unlig-
nified) collenchymatous cells, which are easily
distinguished from the ground tissue (French,
1987c).
  While seldom used taxonomically, roots are vari-



able to some extent from species to species. Fresh
root coloration (ranging from whitish to green to
brownish), length, diameter, and surface texture
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 Table 2. Persistent condition of cataphylls by section.
 
                      Deciduous                             Persisting
                              % of                 Semi-      As                  % of     Section
    Section        Total      sect.      Intact    intact    fibers     Total     sect.      total
Calostigma           34        69%          6          6         3        15       31%         49
Macrogynium           1       100%          0          0         0         0        0%          1
Philodendron         10        24%          0         18        14        32       76%         42
Polytomium            3       100%          0          0         0         0        0%         3
Tritomophyllum        7        88%          0          1         0         1       13%         8
Total                55        53%          6         25        17        48       47%        103
 
 
(smooth, coarse, or even warty), as well as the dried
color and degree to which they are fissured or fold-
ed, are ail features that may be recorded. These
features have not been used extensively since the
roots are generally removed from the stems before
the herbarium specimens are prepared.
Cataphylls. In the taxonomy of Philodendron
probably no morphological feature is more diag-
nostic than the cataphyll (sylleptic prophyll of Ray,
1987a). Philodendron exhibits considerable varia-
tion and remarkable consistency in cataphyll char-
acters. Among the most valuable characters is
whether the cataphylls are deciduous or persistent.
This is the single feature that makes the prepara-
tion of keys to species of Philodendron easier than
those for Anthurium. In P subg. Philodendron 56
taxa have deciduous cataphylls, while 48 have per-
sistent cataphylls. Of the latter, 6 have cataphylls
that persist intact, 25 have cataphylls that persist
semi-intact, and 17 have cataphylls that persist as



fibers. While a few species have cataphylls tardily
deciduous and others have persistent cataphylls
that eventually fall off, relatively few species are
difficult to place in one or the other category. See
Table 2 for a breakdown of persistent condition of
cataphylls by section.
 Generally speaking cataphylls are deciduous in
vines and persistent on appressed-climbing plants,
but there are exceptions in both groups. Cataphylls
are bract-like modified leaves which function in the
protection of newly emerging leaves. For vines, the
cataphyll becomes functionless once the leaf has
emerged and generally is promptly deciduous. Typ-
ically it recurls away from the stem on vines and
eventually becomes loosened from the base and
falls free, such as on P purpureoviride (Fig. 320).
Alternatively, on epiphytes or appressed-climbing
hemiepiphytes with short internodes the cataphylls
cannot easily fall free (Figs. 15, 115, 312). AI-
though they may fall free from the stem and in-
variably promptly dry and usually become withered
 
 
or weather into fibers, they are often prevented from
falling by the tight cluster of petioles generally
found on plants with short internodes. They do reg-
ularly fall free on some species with short inter-
nodes, such as P warszewiczii (Fig. 443) or R dres-
sleri (Fig. 160), but typically cataphylls persist on
species with short internodes (Fig. 302, P pirrense;
Fig. 358, P. scalarinerve). Cataphylls often persist
in an organized mass around the apex of the stem
(Fig. 382, P squamicaule). They may persist intact
in P grandipes (Fig. 204), R jodavisianum (Fig.
248), and P roseospathum (Figs. 341, 343), or have
a very thin, flaky epidermis that remains intact in
large pieces as in P dodsonii, R hebetatum, or P
strictum (Fig. 398); more frequently they decom-
pose at least partially to expose a network of fibers
beneath the epidermis (Fig. 258, P lazorii), and
even more frequently the epidermis disappears al-
together (Fig. 202, R glanduliferum; Fig. 253, R
jodavisianum; Fig. 370. P schottianum). Ecologi-
cally the mass of cataphyll fibers serves a useful
purpose, namely to prevent desiccation of the stem
apex and especially the young roots which emerge
through the moist cataphyll mass. In some species
the layered cluster of cataphylls forms a sodden
mass (Fig. 370, R schottianum; Fig. 63, R anto-
nioanum; Fig. 99, R chiriquense), and in some
cases the youngest cataphylls are protected by a
gelatinous, mucilaginous fluid that fills the inter-
stices of the cataphyll mass. Cataphylls are gener-
ally rigid and firm when fresh, which protects the
young leaf from physical damage. Some are thick
and fleshy with considerable amounts of liquid in
their tissues. As these begin to decompose they



may yield large amounts of watery or even gelati-
nous sap. This fluid may be important as a lubri-
cant for the emerging leaf to prevent damage to the
tender tissues or to prevent desiccation. Since ep-
iphytes are often subject to harsh conditions, this
is probably important to protect the growing point
of the plant and the newly emergent leaves from
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such as in P. jodavisianum and occasionally P.
grandipes, giving the petiole a three-ribbed ap-
pearance adaxially. More commonly the medial rib
is broad and obtuse, such as in P. angustilobum, P.
annulatum, P. copense, P. crassispathum, P. ferru-
gineum, P. ligulatum, P. llanense, P. schottianum,
P. smithii, P. tenue, P. thalassicum, and P. triparti-
tum.
  Rarely the petioles may be markedly flattened
dorso-ventrally, as in P. platypetiolatum. In this
case the petioles are much broader than thick with
the lateral margins nearly acute.
  A few species have petioles markedly thicker
than broad and U-shaped in cross section. Exam-
ples include P. roseospathum, P. jodavisianum, and
sometimes P. davidsonii. Petioles of the latter spe-
cies are more commonly obtusely V-shaped in cross
section.
  Petioles of P. subg. Philodendron typically have
very short sheaths when the inflorescence is abort-
ed and much longer sheaths (to accommodate the
emerging inflorescences) when subtending an inflo-
recence (Figs. 38, 67, 93, 150). Generally the
sheath is markedly closed with one margin over-
lapping the other, making it inconspicuous (Figs.
83, 160). Occasionally the petiole sheath may be
conspicuous, such as in P. correae (Fig. 119) and
some members of P. subsect. Glossophyllum.
  A geniculum is typically not apparent, but the
genicular area serves the same purpose as it does
in Anthurium. It is involved with inclining or twist-
ing the plane of the blade, presumably optimizing
exposure to sunlight. Usually the genicular area is
somewhat firmer than the remainder of the petiole,
and sometimes it is differently colored, but it is
usually neither swollen nor as conspicuously dis-
tinct as in Anthurium. Typically the genicular area
is the same shape as the remainder of the petiole,
but sometimes the cross-sectional shape is differ-
ent, being more frequently bluntly ribbed and often



rather deeply cracked or scurfy around the circum-
ference (perhaps owing to the bending in response
to light). The geniculum, when apparent, is some-
times thicker than the remainder of the petiole as
in P. brunneicaule, P. ferrugineum, P. heleniae, and
P. tenue. It may be darker than the petiole as some-
times in P. bakeri or P. glanduliferum, or slightly
paler as in P. ferrugineum or P. scalarinerve.
   Most species of Philodendron, like Araceae in
general, have glabrous petioles, but there are con-
spicuous exceptions. Several species have conspic-
uously scaly petioles: P. hammelii, P. glanduliferum,
P. malesevichiae (Fig. 283), P. squamipetiolatum (Fig.
387), P squamicaule (Fig. 382), and P. verrucosum.
The type of scales is also variable. In some species,
 
 
such as P. malesevichiae, P. glanduliferum, and P.
squamipetiolatum, the scales are acicular and more
or less terete. The scales of P. glanduliferum and PJ
malesevichiae are spreading, while those of P.
squamipetiolatum are sometimes retrorse near the
apex of the petiole. In addition, they are densely
granular-scurfy on the surface. In P. hammelii the
scales are short and broadened laterally, similar to
fish scales, and less than three times longer than
broad. In P. verrucosum and P squamicaule the
scales are of two distinct types. Philodendron ver-
rucosum has short, broad, and often lacerate scales
interspersed with long-acicular scales. Philodendron
squamicaule has short, purplish, deltoid, broader
than high (about 2 mm high) scales interspersed
among acicular, greenish scales 3-5 mm long.
  Petiolar scales are not uniformly distributed
along the petioles. In P. squamipetiolatum, P.
squamicaule, and P. verrucosum the scales are usu-
ally scattered throughout the petioles. In P. male-
sevichiae they are present in the upper % to 3h of
the petioles, becoming increasingly denser toward
the base. In P. glanduliferum they are similar but
more closely aggregated toward the apex. In P.
hammelii the scales are restricted to a small area
near the apex. Philodendron ornatum in South
America is the most extreme example of this re-
duction. In that species the scales are reduced to
stubby protuberances restricted to the apex of the
petiole.
  Surface features of both fresh and dried petioles
are often conspicuous and frequently diagnostic.
Though usually solid green, petioles may be irreg-
ularly purplish-spotted as in P. edenudatum (Fig.
163) and P. sagittifolium. This purplish spotting
may continue onto the lower midrib, a feature com-
mon to other types of markings that continue onto
at least the proximal portions of the midrib. The
surfaces of petioles may be minutely speckled but
more commonly bear a light pattern of short dashes



or streaks usually uniformly distributed throughout
the petiole. They may be densely to sparsely
marked with short dashes, which in turn may be
either darker or lighter than the surface. I have
referred to this feature in the descriptions as "short-
lineate" or "lineate." Though the lineations are
usually short, usually less than 3 mm long, they
may sometimes be longer and sometimes are van-
able in length with both short and long lines inter-
spersed (Fig. 19). Examples of species with short-
lineate petioles include: P. annulatum, P auricu-
latum, P. copense, P. cotonense, P. edenudatum, P
fortunense, P. immixtum, P. ligulatum, P. pirrense'
P purulhense, P. smithii, P. subincisum, PJ thal""
sicum, R warszewiczii, and P. zhuanum. The peti"
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oies of P. brunneicaule are red short-lineate. The
short lineations may be associated as well with
much longer, continuous, and frequently weakly
raised striations or ribs. Species with petioles de-
scribed as short-lineate to striate include: P. anto-
nioanum, P clewellii, P. gigas, P. glanduliferum,
and P. panamense. Still other species have more or
less continuous striations throughout: e.g., P ani-
sotomum, P davidsonii, P. dressleri, P findens, P.
madronense, P rothschuhianum, P straminicaule,
P tenue, and P warszewiczii.
 Fresh petioles of P subsect. Glossophyllum usu-
ally have a distinct purplish (or rarely dark green)
ring (Fig. 20) around the entire petiole just below
its junction with the blade. The species that share
this feature, mostly members of P. subsect. Glos-
sophyllum, include P. annulatum (Fig. 59), P. bak-
eri, P correae, and P. ligulatum (ail three varieties;
see Figs. 271, 275) with a purplish or purple-black
ring, and P. auriculatum (Fig. 20), P. immixtum, P.
dolichophyllum, P. pseudauriculatum, and P. wen-



dlandii with a dark green ring at the apex of the
petiole.
 Other apparently unrelated species may likewise
have purple rings around the apexes of the petioles.
These include P. brenesii, P. davidsonii, P dressleri,
P. ferrugineum, P. microstictum, P. smithii, P. war-
szewiczii, and sometimes P. grayumii.
 Petioles may produce a cluster of viscid droplets
of a sweet, sugary solution on the abaxial surface
at the apex of the youngest leaves. This has been
observed on P. davidsonii subsp. bocatoranum (Fig.
19) and P. megalophyllum Schott, a common South
American species. These droplets appear to have
no function in pollination or in blade orientation,
and 1 speculate that they act as a food source for
ant guards, which serve to prevent the young blades
from predation by phytophagous insects. This
seems ail the more likely because the droplets are
associated with new leaves, which are typically very
tender and thus most easily damaged.
  Freshly cut petioles usually form resin droplets
in the same manner as the stems, and may in time
become completely covered with resin. Of rare oc-
currence are slender strands of latex on broken and
partially severed petioles as on P. malesevichiae
(Fig. 21).
  Dried petioles yield another suite of character-
istics generally unrelated to those exhibited on
fresh plants.
 The dried petiole is sometimes diagnostic and in
some cases, such as P. hebetatum and P. schottian-
um, petioles have a dried epidermis that is so con-
spicuously yellow-brown as to be nearly unique.
Though less conspicuous, the petioles of P. schot-
 
 
tianum and P. thalassicum also dry quite yellowish
brown.
  Petiole firmness is variable in P. subg. Philoden-
dron, but this character is difficult to quantify. Un-
fortunately Engler used this character as one of his
major key characters to separate subsections of P.
sect. Cardiobelium, P. subsect. Macrobelium, and P.
subsect. Glossophyllum with very fleshy petioles
from P. Gruppe Oligocarpidium, and P Gruppe
Doratophyllum (now P. subsect. Bulaoana) with
firm petioles. This character is difficult to describe
and petioles appear to range from quite firm to
quite spongy without any major discontinuities.
Most species have petioles firm to weakly spongy
when squeezed, and generally they are quite flex-
ible, capable of being bent to a great extent without
breaking. However, spongy petioles, such as those
in P. ligulatum which can be easily crushed by
squeezing, are also more likely to be brittle.
 
Blades. Blade shape. Virtually the entire range



of morphological variation in leaf shape in the ge-
nus as a whole is exhibited among the Central
American species of P. subg. Philodendron. The
only blade shapes of Philodendron not shown by
Central American species are those seen on P. goel-
dii G. Barroso in P. subg. Meconostigma, which has
blades reniform in outline and pedately compound,
and members of P. sect. Schizoplacium, which have
blades pinnately lobed with a few, prominently fal-
cate divisions. While P. subg. Pteromischum has
distinctive leaves (even discounting the winged pet-
iole on adult plants, which is definitive), their over-
all shape and size is matched by some other species
of P. subg. Philodendron. Blade shape in P. subg.
Philodendron relates in some cases to sectional dif-
ferences. For example, species with three-lobed
blades are either members of P. sect. Tritomophyl-
lum or P. subsect. Bulaoana. Pinnately lobed spe-
cies are members of P. sect. Polytomium. Some sec-
tions, especially P. sect. Philodendron and P. sect.
Calostigma, are highly variable in blade shape,
with that of P. sect. Philodendron ranging from ob-
long to variously ovate to ovate-sagittate and that
of P. sect. Calostigma ranging from oblong to sub-
cordate, prominently cordate, cordate-sagittate, or
even 3-lobed. Philodendron subsect. Glossophyl-
lum, relatively common in Central America, has
more or less oblong, frequently subcordate or cor-
dulate blades. See also section on "Discussion of
Subgeneric Classification" for additional details.
  While lobed leaves in some Araceae, e.g., Mon-
stera, are due to necrotic processes in which growth
stops and tissue rots away (Madison, 1977), the
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lobed leaves of Philodendron are due to differential
growth of leaf tissue.
 In Central America more species have ovate-cor-
date blades than any other shape. In ail variations,
38 species have some sort of ovate-cordate leaf
blade. Twenty-two species are described as having
ovate-cordate blades, and 11 as broadly cordate.



Species with ovate to ovate-triangular leaves are
most abundant among P. subg. Philodendron in
Central America. At least 55 species have leaf
blades with well-developed posterior lobes, includ-
ing cordate, sagittate, and hastate. Only 15 species
have non-cordate blades prominently longer than
wide. Eight species have lobed blades, six trilobed,
and two pinnately lobed. Species with trilobed
leaves are: P. anisotomum, P. cotobrusense, P. mad-
ronense, P. rothschuhianum, P. tripartitum, and PJ
angustilobum. Species with pinnately lobed leaves
are: P. radiatum and P. warszewiczii.
Posterior lobes. Philodendron subg. Philodendron
species vary greatly in the shape of posterior lobes:
usually rounded for those species with cordate leaf
bases, e.g., P. glanduliferum (Fig. 197) or P. pla-
typetiolatum (Fig. 306), or cordulate12 leaf bases,
e.g., P. auriculatum (Fig. 69), P. immixtum (Fig.
236), and P. pseudauriculatum (Fig. 314); to more
or less oblong to narrowly triangular and much lon-
ger than wide as in P. verapazense (Fig. 434), or
sometimes in P. sagittifolium (Fig. 346) and P. ten-
ue (Fig. 404). Even in species with well-developed
posterior lobes the lobes may be about as long as
broad, as in P. purulhense (Fig. 322), P. tysonii (Fig.
426), or P. schottianum (Fig. 365). Posterior lobes
may be sagittate as in P. brunneicaule (Fig. 95), P.
hebetatum (Fig. 218), or P. gigas (Fig. 194); to has-
tate as in P. angustilobum (Fig. 49), P. anisotomum
(Fig. 55), and P. mexicanum (Fig. 287); or bluntly
triangular as in P. wilburii var. longipedunculatum
(Fig. 461).
 
Sinus shape. Philodendron species with posterior
lobes have remarkable variation in the shape of the
sinus: merely arcuate, in P. microstictum (Fig. 289);
arcuate with decurrent petioles in P. morii (Fig.
292); V-shaped in P. glanduliferum (Fig. 200), P.
lentii (Fig. 263), P. squamipetiolatum (Fig. 386),
and P tenue (Fig. 406); oblong in P. dwyeri (Fig.
155); spathulate in P. basii (Fig. 76), P. hebetatum
(Fig. 218), P. smithii (Fig. 372), and P. rothschu-
 
  'V With miniature lobes held very near the petiole (see
photos of P. auriculatum) as compared to subcordate,
wherein the lobes. though short, are usually broadly
rounded with each lobe encompassing about half the width
of the entire blade.
 
 
hianum (Fig. 339); parabolic in P. sulcicaule; hip-
pocrepiform in P. hebetatum (Fig. 225), P. lazorii,
P. panamense (Fig. 297), and P. squamicaule (Fig.
374); sometimes closed on live plants as in P. for-
tunense (Fig. 182), P. gigas (Fig. 194), P. pterotum
(Fig. 311), and P. schottianum (Fig. 366). In P. for-
tunense and P. subincisum (Fig. 401) the sinus may



be closed even on pressed plants. The shape of the
sinus varies greatly between live and flattened
dried plants, since the shape of the sinus varies
depending on the angle at which the posterior lobes
are turned up in relation to the midrib. Many spe-
cies have the posterior lobes tumed upward at an
angle to the midrib on live plants (see, e.g., Figs.
104, 130, 159, 186, 366, 374), causing the inner
margins of the posterior lobes to become closer to
each other and thus decreasing the apparent size
of the sinus. For example, when the angle of the
posterior lobes is extreme the posterior lobes might
be closed, but when the same blade is flattened and
dried the sinus might become spathulate or hip-
pocrepiform. The description of the sinus as pre-
sented in this work for Central American P. subg.
Philodendron is exclusively that of the flattened si-
nus unless otherwise stated.
  The sinus shape may be intraspecifically vari-
able as in P. sousae, for example, with the sinus
ranging from spathulate (Fig. 379) to parabolic (Fig.
380). This is in part related to the age of the plant,
with older plants bearing larger blades that have
larger, more well developed posterior lobes.
 
Blade size. Blades of P. subg. Philodendron in
Central America as elsewhere are highly variable
in size, but relatively few have blades that are con-
sidered huge. Only 19 Central American species of
P. subg. Philodendron have blades that exceed 75
cm long (although many others approach that size).
Of these, only P. gigas has blades that regularly
exceed 1 m in length, with the maximum recorded
at 137 cm. The blades of Philodendron ferrugineu
may rarely exceed 1 m in length. By the saine token
few species in Central America have small leaves.
Only 37 species have blades less than 25 cm long
on adult plants, and of these only 13 have blades
less than 15 cm long. Philodendron brewsterense,
with blades a maximum of 11 cm long, is the spe-
cies with the smallest leaves, and P. chirripoense,
with blades up to 11.6 cm long, has leaves about
as small. The median leaf length for Philodendron
in Central America is 57 cm.
  The widest blades belong to P. gigas and P. ra-
diatum (to 90 cm long), but P. pterotum (to 84 cm
wide), P. findens (to 70 cm wide), P dodsonii (to 66
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cm), P. schottianum (to 64 cm), and P. warszewiczii
(to 62 cm) also have quite broad blades.
  While blade size of Philodendron is often not re-
liable for taxonomic separation and even blade shape
is sometimes unreliable, the length-width ratio is, in
general, more reliable as a taxonomic character.
Blades range from being much broader than long, to
more than eight times longer than broad (in P creto-
sum), to broader than long. Blades are broader than
long in a number of species, e.g., averaging only 0.62
times as long as broad in P anisotomum and P brun-
neicaule and 0.7 times as long as broad in P. coto-
brusense and P. grayumii. The average blade length-
width ratio for species with simple, unlobed leaves
ranges from 1.6 to 2.5 times longer than wide. Ex-
ceptions include P. cretosum and P. folsomii (8.3 and
5.2 times, respectively).
  Blade margins are typically entire on simple
leaves, never toothed and only rarely sinuate, such
as in P. subincisum. Species with weakly sinuate
blades are: P. basii, P dwyeri, and P. jefense. On
the other hand, blade margins are frequently un-
dulate to a certain extent, especially on larger
blades. Species that have coarsely undulate leaves
are: P. annulatum, P. antonioanum, P. copense, P.
ferrugineum, P. fortunense, P. grandipes, P. hebeta-
tum, PR panamense, and P. sulcicaule.
  Blade margins are frequently hyaline and also
often weakly revolute. Examples of species with hy-
aline blade margins are: P. advena, P. crassispa-
thum, P davidsonii, P.R ferrugineum, P gigas, P im-
mixtum, P hederaceumn, P. smithii, P. squamicaule,
P. straminicaule, P subincisum, and P. wilburii var.
longipedunculatum.
  The coloration of leaf blades is highly variable
and largely dependent on the habitat, but some spe-
cies, such as P. roseospathum, P. scalarinerve, and
P. tysonii, have very dark green blades while others
(e.g., . lazorii) have lighter green blades. A few
species, such as P chiriquense, have purple color-
ation on young leaf blades but most lose this col-
oration in age. An exception is P. verrucosum,
which has adult blades generally purplish on the
lower surface. A few taxa such as P ligulatui• var.
heraclianum (Fig. 274) and P sagittifolium have



leaf blades purplish-spotted on the lower surface,
especially when young. Coloration of lower blade
surfaces is more often restricted to the major veins,
which are frequently reddish (along with the young
petiole) as, for example, in P antonioanum.
 
Venation. Midribs. Leaf midribs of P. subg.
Phildendron are more variable in cross-sectional
shape than those of other aroid genera, such as
nSterspermation, Rhodospatha, Spathiphyllum, and
 
 
Monstera, yet not as taxonomically significant as in
the related genus Dieffenbachia.
  Midribs on the upper (adaxial) blade surface of
P. subg. Philodendron are highly variable, being
flattened or variously sunken or raised (sometimes
even in the same species). Fifty-six species have
adaxial midribs at least sometimes raised, 26 have
upper midribs at least sometimes sunken (only P.
cretosum has a deeply sunken midrib), and 54 have
adaxial midribs sometimes flat. Only 12 taxa, P.
antonioanum, P. aromaticum, P albisuccus, R co-
loradense, P dressleri, P. granulare, P pirrense, P
purulhense, P strictum, P warszewiczii, P wilburii
var. longipedunculatum, and R zhuanum, are de-
scribed as having strictly flattened adaxial midribs.
Fifteen species are described as having only convex
midribs, and 15 are described as having only sunk-
en midribs. Only 2 species, P. morii and P ni-
queanum, are described as having the adaxial mid-
ribs prominently raised.
  The adaxial midrib is nearly always to some ex-
tent paler than the surface. In only 12 species are
the midrib and the blade concolorous. An addition-
al 8 species have midribs concolorous to slightly
paler.
  The lower (abaxial) midrib of Philodendron
blades exhibits less variability. Ail species have ad-
axial midribs to some extent raised. A few species,
e.g., P crassispathum, have the abaxial midrib so
broadly convex as to appear nearly flat, but most
species have the midrib noticeably raised. The ab-
axial midrib is generally convex but often narrowly
rounded, thicker than broad, and sometimes bluntly
acute. Species with the abaxial midrib weakly
raised are rare in P subg. Philodendron. Only sev-
en species have abaxial midribs at least sometimes
described as broadly convex or weakly raised: P
anisotomum, P. crassispathum, P. fortunense, P mi-
crostictum, P. platypetiolatum, P purpureoviride,
and P straminicaule.
  Many more species have abaxial midribs more
prominently raised. In the largest category, 47 spe-
cies have abaxial midribs more or less convex, i.e.,
more or less hemispherical in cross section. Thirty-
six species have abaxial midribs described as



thicker than broad, narrowly convex, narrowly
rounded or bluntly acute at least part of the time.
A number of these species have abaxial midribs so
prominently raised as to be noticeably thicker than
broad: P copense, P cretosum, P. dolichophyllum,
P. hebe••tum, P heleniae, P. jodavisianum, P. pan-
amense, and P. roseospathum. Taxa that have ah-
axial midribs sometimes thicker than broad are P
scalarinerve and P wilburii var. longipedunculatum.
 The most extreme type of raised adaxial midribs
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is so raised as to appear to be a cylinder attached
tangentially to the surface of the leaf. This type of
midrib has been referred to as "round-raised." Ex-
amples of species with such midribs are P brun-
neicaule, P. dressleri, P. madronense, P. squamipe-
tiolatum, and P radiatum. In cases where the
midrib is round-raised, the primary lateral veins are
also sometimes round-raised.
  While the abaxial midrib is more likely than the
adaxial midrib to be concolorous with the rest of
the blade or darker than the remaining blade sur-
face, 45 species still are reported as having the
midrib paler than the surface. Twenty-four species
have the abaxial midrib described as darker than
the surface.
  A number of species, including P edenudatum,
P grayumii, P. ligulatum var. ligulatum, and P.
sagittifolium, have one or both midribs maroon- or
purplish-spotted.
 
Primary lateral veins. The primary lateral veins
(referred to by some authors as "secondary veins")
are those that branch off the midrib and extend to
the margins usually without additional branching.
This use of primary lateral vein is consistent with
that of early aroid workers Engler, Krause, and So-
diro. Engler and later Krause referred to the pri-
mary lateral veins as "nervis primariis." Sodiro also
referred to the primary lateral veins as "nervis la-
teralibus I."



  On larger cordate blades there is frequent
branching of the primary lateral veins in the lower
part of the blade where primary lateral veins are
widely spaced (Fig. 26) (see also Croat & Bunting,
1979). The presence of these veins, referred to here
as "secondary veins," is not commonly indicated in
this work, but in shape and aspect they are virtually
the same as the primary lateral veins (Fig. 24).
  Both surfaces of the blade typically have primary
lateral veins similar to the associated midrib. Usu-
ally they are somewhat less prominently raised than
the midrib. The primary lateral veins on the upper
(adaxial) surface, while usually sunken, may be es-
sentially flat with the surface. Sometimes they are
raised but at the same time contained within a
broad or narrow valley so that the veins appear to
be sunken. Primary lateral veins may sometimes be
"quilted" (Figs. 23, 200, 361), i.e., with the veins
deeply sunken and with the intervening leaf tissue
of the blade that lies between the primary lateral
veins being broadly raised, making the surface ap-
pear like that of a plush quilt.
  Primary lateral veins of P. subg. Philodendron
are rarely either absent or so inconspicuous as to
appear to be absent, such as in P. brewsterense,
 
 
though they are sometimes not at ail conspicuous,
as in P microstictum (Fig. 289) or P sulcicaule (Fig.
403). The number of primary lateral veins varies
from 2 pairs in P chirripoense to 25 pairs in P
madronense. Most species have 3 to 6 pairs of pri-
mary lateral veins. These generally arise at an
acute angle with the midrib and, after extending
along or near the midrib, spread at an angle of
generally 40-80 toward the margins, generally
forming a broad arc in the process. The angle of
primary lateral veins for ail species may be as little
as 5 to as much as 100. When species of Central
American P subg. Philodendron are divided into a
series of range categories based on the angle of
their primary lateral veins, more species (eight)
have primary lateral veins spreading at 50-60 an-
gle or at 60-70 (also eight species) than any other
group.
Basal veins. Primary lateral veins that contact the
plexus at the base of the blade and the apex of the
petiole are here referred to as "basal veins" (Fig.
22) (see also Croat & Bunting, 1979). While the
uppermost 1 or 2 pairs usually extend upward and
into the anterior lobe where they join the antemar-
ginal vein, most extend into the posterior lobes.
Generally, basal veins are best developed on plants
that have posterior lobes and are not present, or at
least are few in number, when the blade lacks pos-
terior lobes. Basal veins, like the primary lateral
veins, are typically paired, with usually an equal



number on either side of the midrib.
  Seventy-three species (75 taxa) of P subg. Philo-
dendron in Central America have basal veins. The
number of pairs of basal veins ranges from 1 to 15,
but only eight species (P angustilobum, P copense
(to 15), P findens, P grandipes, P. thalassicum, P
pirrense, P. squamicaule, and P strictum) have 10
or more pairs. Most species have 3-6 pairs of basal
veins, though up to 16 species may have only 2
pairs of basal veins. Only three species, namely P
lentii, P. mexicanum, and P. scalarinerve, regularly
may have a solitary pair of basal veins.
Posterior ribs. The basal veins are generally to
some extent coalesced near their union with the
petiole. The union or coalescence of basal veins is
here referred to as the "posterior rib" (Figs. 22, 25)
(see also Croat & Bunting, 1979). Sixty-three spe-
cies (65 taxa) have the basal veins at least in part
united and thus possess posterior ribs, while 34
species (38 taxa) have the basal veins free to the
base (or lack basal veins ail together) and thus lack
posterior ribs. Both the number and nature of basa1
veins and the length of the posterior rib are good
characters for distinguishing taxa. The basai veins
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may be completely coalesced for a distance (Fig.
22) or loosely coalesced. The posterior rib may be
prominently naked for a distance (Figs. 22, 169) or
barely (Figs. 26, 211) or not at ail naked (Figs. 161,
163, 287). The basal veins are free or nearly so in
most species with rounded or cordulate leaf bases
(Fig. 20). Such species are: P auriculatum, P bak-
eri, P. correae, P. chirripoense, P. cretosum, P doli-
chophyllum, P. granulare, P. immixtum, P. lentii, P.
ligulatum, P. pseudauriculatum, P. roseospathum, P.
scalarinerve, P. ubigantupense, P. utleyanum, and P.
wendlandii. Even species with short or poorly de-



veloped posterior lobes, such as P annulatum, P.
clewellii, P. davidsonii, P. microstictum, P. niquean-
um, and P. platypetiolatum usually have the basal
veins free to the base. On the other hand, species
with well-developed posterior lobes usually have
the basal veins coalesced to some degree. Posterior
ribs range from less than 0.5 cm long (in P. stra-
minicaule) and 1 cm long (in P. angustilobum, P.
basii, and P. alticola) to more than 14 cm long in
P. gigas.
  Another important taxonomic character is the ex-
tent to which the posterior rib is naked along the
sinus. In general, the longer the posterior rib the
more likely it is to be naked at least to some extent
along the sinus. However, P. tenue is exceptional in
having a well-developed posterior rib and being not
naked along the sinus. The degree to which the
posterior rib is naked along the sinus varies from
as little as 0.5 cm in P. straminicaule to 6 cm in P.
squamicaule. Examples of species with prominently
naked posterior ribs are: P. albisuccus, P. alicola,
P aromaticum, P. basii, P. brunneicaule, P. copense,
P. dodsonii, P. dressleri, P findens, P hebetatum, P.
knappiae, P panamense, P purulhense, P strictum,
P. thala.ssicum, and P. verapazense.
 
Lesser order veins. Between successive primary
lateral veins there are possibilities for two addi-
tional orders of veins. Frequently present are in-
termediate primary lateral veins here called "inter-
primary veins" (Figs. 24, 26) (see also Croat &
Bunting, 1979). These veins, while decidedly less
conspicuous than the primary lateral veins, are
nevertheless too prominent to be classified as the
smallest-order veins. To qualify as an interprimary,
the vein must extend continuously from the midrib
to very near the margin without major branching.
Generally there is no more than one pair of inter-
primary veins between alternate primary lateral
veins. They are akin to the primary lateral veins in
ail aspects except for their reduced size. Like the
primary lateral veins they may bear minor veins,
which may form ail along their margins.
 
 
  The smallest-order veins are here referred to as
"minor veins" (Fig. 24) and may be close, fine, and
conspicuous as in P sulcicaule, P. tripartitum, and
P. radiatum, to thick, well-spaced, and inconspic-
uous in P. gigas, P granulare, P grayumii, and P
ligulatum. The minor veins are not ail equally dis-
tinct and sometimes, as in P dominicalense, the
minor veins are altermately weakly visible and
strongly visible.
  The minor veins may arise from the midrib or
from the primary lateral and interprimary veins, but
in either case they form a generally close, uniform,



and parallel array, which extends without interrup-
tion to near the margin of the blade. In most species
the minor veins arise from both the midrib and the
primary lateral veins, but some species have the
minor veins arising from only the midrib. A total of
77 species (81 taxa) have the minor veins arising
from both the midrib and the primary lateral veins
(Fig. 26). In such cases the minor veins are not
always equally arising from one of the two entities
but may, as in the case of P. brenesii, P davidsonii
subsp. davidsonii, P. ferrugineum, and P. triparti-
turn, be more heavily arising from the midrib rather
than the primary lateral veins. In P. auriculatum,
P. glanduliferum, P. lentii, and P. ligulatum the mi-
nor veins arising from the primary lateral veins are
many fewer than those arising from the midrib. In
P heleniae the primary lateral veins are only rarely
arising from the midrib.
  In another variation of this venation type, some
species, while having minor veins arising from the
midrib as well as both adjacent primary lateral
veins, have considerably more veins arising from
the distal primary lateral vein than from the prox-
imal vein.
  A total of 24 species have the minor veins arising
from only the midrib, and in this case they course
along the primary lateral veins but do not join with
it. Many of the species that have the minor veins
arising only from the midrib are species with oblong
blades, such as: P bakeri, P cretosum, P dolicho-
phyllum, P granulare, P heleniae, P rosemospathum,
P ubigantupense, P ut•eyanum, and P wendlandii.
However, this group also has blades ovate or nearly
so as in P brewsterense, P chirripoense, P cotobru-
sense, P. crassispathum, P foLsomti, P kntuppie, P
microstictum, P niyueanum, P sulcicaule, and P
verapazense. Interestingly, P anisotomum, with
deeply 3-lobed leaf blades, also has the minor veins
arising from only the midrib, whereas P tripartitum,
a similar species with 3-lobed blades, has the mi-
nor veins arising from both the midrib and the pri-
mary lateral veins.
  Philodendron dressieri, a species with deeply di-
 
 
355
 
�

 
 
 

[Begin Page: Page 356]
 
 
 

 
Annals of the



Missouri Botanical Garden
 
 
vided leaves, has a more complex venation pattern.
Although the minor veins arise from both the mid-
rib and the primary lateral veins, they also arise
from short secondary veins that regularly branch off
the primary lateral veins. In addition, the minor
veins that arise from the midrib are considerably
fewer in number and weaker than in most species
with this venation pattern. Generally, the confluent
minor veins that arise from the primary lateral veins
and make a broad sweep before continuing to the
margin leave little area for the minor veins, which
arise from the midrib. The latter tend to merge im-
perceptibly with those from the primary lateral
veins. A similar pattern with weak midrib-bome
minor veins is present with P. basii.
  At or very near the margin both the primary lat-
eral veins and the minor veins generally turn sharp-
ly toward the apex of the blade. The minor veins
join with other minor veins and with the primary
veins before finally merging into an inconspicuous
and somewhat opaque marginal plexus. This narrow
band is usually chlorophyllous and apparently
veinless. Frequently the outer margin of this chlo-
rophyllous band is a hyaline edge, which is color-
less and typically revolute.
  The minor veins are sometimes noticeably inter-
connected by inconspicuous to conspicuous veins,
referred to here as "cross-veins" (Fig. 26). Gener-
ally the cross-veins are markedly perpendicular to
consecutive minor veins where they are sufficiently
prominent to be noticeable, but in some cases the
cross-veins cross transversely from one minor vein
to the next. While P scalarinerve has cross-veins
so prominent, even on fresh material, as to be easily
visible, other species such as P chiriquense and P
copense have cross-veins easily visible only when
the blades are dry.
   Secretory ducts and other secretory tissues are
frequently present on Central American members
of P subg. Philodendron. The contents of the se-
cretory ducts are either latex or tanniniferous com-
pounds (Solereder & Meyer, 1928). No thorough
survey has been made of the nature of the secretory
canais in Central American species, so it is not
always apparent whether these structures are resin
canals or secretory ducts. Secretory canais (also re-
ferred to as secretory files) in Philodendron are al-
ways non-anastomosing and consist of a linear se-
quence of secretion cells, each separated from the
next by cell walls (Solereder & Meyer, 1928). On
fresh and dried leaves these can usually be rec-
ognized by being darker, usually blackened, and in
being intermittent rather than continuous as is gen-
erally true of veins. While the distribution of se-



cretory ducts in Philodendron may be more com-
 
 
mon than is apparent from surface examination, not
ail species exhibit the secretory ducts clearly. Thus
the presence or absence of distinct secretory ducts
can be useful taxonomically. They are distinctly
visible on P. alticola, P cotonense, P. grayumii, R
heleniae, and P zhuanum, but obscurely visible on
P antonioanum, and P bakeri. They are clearly
visible on P. schottianum, somewhat visible on P.
llanense, and obscure on P findens, even though
these three species have very similar leaf blades.
  While perhaps no more reliable than blade
shape, blade size, or other features, blade surfaces
at a magnification of 10X or higher often reveal
another suite of characters, which often yields an-
other degree of confidence (or forewarns of mis-
identification) when making determinations. The
surface between the minor veins is frequently
marked by pale sub-surface granulations (perhaps
indicating the presence of druse crystals), short,
pale lineations, gland-like punctiform markings,
reddish or brownish speckling, and also what might
be referred to as "stitching," pale intermittent short
lines appearing on the surface of the blade as
though the blade was loosely sewn with a needle
and thread. Though this phenomenon is much more
common in P. subg. Pteromischum, it is also exhib-
ited in P subg. Philodendron.
 
MORPHOLOGY OF REPRODUCTIVE STRUCTURES
INFLORESCENCES
  When a plant of P subg. Philodendron flowers,
the stem apex is terminated by an inflorescence (or
frequently an aborted inflorescence primordium)
(Ritterbusch, 1971; Blanc, 1977c; Madison, 1978)
and new growth is from a bud in the axil of the
penultimate leaf. This new growth pushes aside the
newly developing leaf and the inflorescence that is
developing in its axil (Ray, 1987a). When the in-
florescences abort, the petiole sheath remains quite
small and unexpanded, but when the inflorescences
develop, the sheath may be much larger. Philoden-
dron inflorescences are sympodial, with each synm-
podium consisting of 1-10 (to 11 in South America)
inflorescences arising typically in what appears to
be the leaf axil of usually one of the upper leaves
(but almost never in the uppermost leaf axil). Often
inflorescences emerge from the mass of cataphyll
fibers, enabling the inflorescence to remain moisi
(Figs. 63, 115, 188, 371, 430). The individual in-
florescences are subtended by and enclosed in a
series of moderately coriaceous, whitish to pinkish,
2-ribbed structures (Fig. 195, P gigas, Fig. 428, P
tysonii) called bracteoles (Ray, 1987a). These have
elsewhere been referred to as prophylls (Usher,
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1966; Jackson, 1971). At anthesis the bracteoles
are typically deciduous, although sometimes they
persist for a time simply because they are held so
tightly by the developing infructescences.
  Typically the inflorescences are borne in the
erect or semi-erect position regardless of the posi-
tion of the stem. Even when the inflorescence is
borne on the end of a pendent stem, the stem usu-
ally curves upright so that the opening inflores-
cence is erect at anthesis (Fig. 273, P ligulatum
var. ovatum; Fig. 269, P ligulatum var. ligulatum).
  The number of inflorescences per axil is taxo-
nomically significant. More species (38) have a sol-
itary inflorescence per axil (or are believed to have
a solitary inflorescence) than any other combina-
tion. Many others may be found with only a single
inflorescence if they are seen in the early stages of
flowering or if inflorescences have aborted owing to
lack of pollination, but plants frequently have two
or more inflorescences per axil later in the flower-
ing season. Careful dissection of the leaf axil usu-
ally can provide evidence of the peduncular scar
indicating a lost inflorescence. Taxa known to usu-
ally have only a single inflorescence per axil are:
P albisuccus, P anisotomum, P aromaticum, P.
bakeri, P basii, P breedlovei, P brevispathum, P.
brewsterense, P brunneicaule, P chirripoense, P cor-
reae, P cotonense (rarely 2), P crassispathum, P.
dressleri, P dwyeri, P edenudatum, P. folsomii, P.
glanduliferum, P granulare, P hammelii, P. hed-
eraceum, P. immixtum, P jacquinii, P jefense, P.
knappiae, P ligulatum var. heraclioanum, P ligu-
latum var. ligulatum (sometimes 2, rarely to 5), P.
ligulatum var. ovatum, P madronense, P mexican-
um, P microstictum, P platypetiolatum (rarely 2),
P purpureoviride, P purulhense, P radiatum var.



pseudoradiatum, P squamipetiolatum, P utleyan-
um, P. verapazense, and P warszewiczii (rarely to 3).
  Most species with a single inflorescence per axil
are either vines or appressed-climbing hemiepiphy-
tes with internodes longer than broad.
  The number of upper axils bearing inflores-
cences is also variable. Some species, e.g., P lentii,
rarely have more than one leaf axil bearing an in-
florescence, while other species, e.g., P annulatum
and P. fragrantissimum, bear inflorescences in two
or more of the closely spaced upper internodes,
making it appear that the plants have a large num-
ber of inflorescences.
  Species that regularly have up to four or more
inflorescences per axil are: P copense (to 6), P. co-
tobrusense (to 5), P clewellii (to 6), P dodsonii (2-
5), P. ferrugineum (to 6), P. fortunense, P. gigas (to
7), P. grayumii (to 5), P heleniae (to 10), P jodav-
isianum (2-6), P panamense (to 6), P pirrense, P.
 
 
squamicaule (to 5), P. sousae, P. tenue, P tysonii (to
5), and P verrucosum.
  Species with five or more inflorescences per axil
are rare, totaling only eleven. Only two species, P
gigas and P heleniae, have up to seven inflores-
cences per axil.
 
PEDUNCLES
 
  Typically the peduncle is terete but it may be
somewhat flattened laterally, especially when there
are clusters of inflorescences per axil. The pedun-
cle is usually whitish or pale green at the base
where it is often hidden by the leaf sheath. The
remaining portion of the peduncle is usually dark
to medium green with the surface often shortily
pale-lineate like the petioles. The peduncle is often
coarsely pale-ribbed near the apex, as in P copense,
P dodsonii, and R findens. Rarely is the peduncle
pinkish red or reddish as in P malesevichiae, P
schottianum, and P roseospathum (or sometimes in
P sulcicaule) or tinged with red or purple as in P
chiriquense, P. davidsonii subsp. bocatoranum, P.
heleniae, P grandipes, P. purpureoviride, and P. ver-
rucosum.
  Most peduncles, like other parts of the average
Philodendron, are glabrous, but some species have
peduncles conspicuously covered with trichome-
like glands, e.g., P squamicaule (Fig. 384), P.
squamipetiolatum (Fig. 388), and P verrucosum
(Fig. 440).
  The peduncle is usually much narrower than the
spathe, commonly no more that % to  the width
of the spathe tube, and is almost always broadened
distally, merging almost imperceptibly with the
spathe tube. Usually the color distinction is also



gradual, but in some cases, e.g., P annulatum, P
dodsonii, and P dolichophyllum, there is an abrupt
transition between the green peduncle and the col-
ored spathe. In P ligulatum there is a purple ring
at the apex of the petiole, much like that at the
apex of the petiole (Fig. 276).
 The length of the peduncle, especially relative
to the length of the spathe, may be important tax-
onomically. Some species, e.g., P. antonwanum, P
crassispathum, P. david.sonii. P ferrugineum, P fin-
dens, P malesevichiae, P purulhense, P radiatum,
P schottianum, and P zhuanumn, have very short
peduncles relative to the length of the spathe. In
contrast, other taxa. e.g., P advena, P angustilob-
um, P dodJsonii, P hebetatum, P heleniae, P im-
mixtum, P. mexicanum, P pterotum, P rothschu-
hianum, and P. wilburii var. wilburii, have
peduncles as long as or longer than the spathes.
 Peduncles range in length from 1 to 25 cm, with
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four taxa, P microstictum, P pseudauriculatum, P.
wilburii var. longipedunculatum, and P verrucosurm,
ail having peduncles that attain the maximum
length of 25 cm. Several additional species have
peduncles that may be more than 20 cm long.
These include P anisotomum, P brunneicaule, P.
panamense, P pseudauriculatum, P rothschuhian-
um, and P. scalarinerve.
  Many species of P. subg. Philodendron have pe-
duncles more than 10 cm long. In addition to those
mentioned above, 37 Central American species
have peduncles more than 10 cm long, while 38
taxa (35 species) have peduncles less than 10 cm
long. Sixteen species have petioles that may be less
than 3 cm long, but only P. knappiae has a pedun-
cle which does not exceed 3 cm in length.
 
SPATHES
 
  The spathe of P. subg. Philodendron is highly
variable in many regards. The spathe of Philoden-



dron is typically coriaceous and constructed in
such a way that the spathe may open and reclose
without major alteration in its shape. The margins
are invariably much thinner, with the apical portion
of the spathe usually tightly rolled and frequently
acuminate (Fig. 178, P findens) and the basal por-
tion more conspicuously convolute. Because the
margins of the base are more conspicuously over-
lapped, when the spathe opens the lower portion
remains convolute (Fig. 70, P auriculatum) where-
as the apical portion separates to very near the tip.
Some species have spathes that open more fully so
that the opening is almost rounded (Fig. 298, P.
panamense) or broadly elliptic (Fig. 288, P. mexi-
canum). In such cases more of the inner tube sur-
face and the pistillate portion of the spadix are ex-
posed. On the other hand, some species have
spathes that open only slightly so the opening is
merely elliptic with the pistillate portion of spadix
not visible without peering down through the top of
the opening (Fig. 63, P antonioanum).
   Species vary greatly in the extent to which the
spathe remains convolute at the base during anthe-
sis. Spathes of some species, e.g., P. angustilobum
(Fig. 51) and P. mexicanum (Fig. 288), unfold to
very near the base. Those of other species, e.g., P.
antonioanum (Fig. 63), do not open very broadly.
The spathe tubes of P. auriculatum (Fig. 70), P.
panamense (Fig. 298), and P wendlandii (Fig. 451)
remain convolute only in the lower half. The spathe
of P. davidsonii (Figs. 134, 136) may be convolute
only in the lower A to % in P squamicaule. That
of P. hebetatum (Fig. 226) is convolute to the upper
 and the spathe tubes of P aromaticum (Fig. 68),
 
 
P. brenesii (Fig. 89), P copennse (Fig. 110), P sca-
larinerve (Fig. 140), P findens (Fig. 177), P roths-
chuhianum (Fig. 340), P straminicaule (Fig. 360),
and P schottianum (Fig. 371) remain essentially
closed to the apex of the tube during anthesis.
  Mayo (1986) presented a classification of inflo-
rescence types based principally on South Ameri-
can Philodendron species. Eleven inflorescence
types were characterized, and a key was prepared
to separate them. The characters chosen for use in
the key were: (1) presence or absence of resin ducts
in the inner surface of the spathe; (2) solitary vs.
two or more inflorescences per axil; (3) relative
length of the sterile staminate portion of the spadix
(equal to or longer than the staminate portion vs.
shorter than staminate zone); (4) presence or ab-
sence of colorful contrasts on inner surface of
spathe tube; (5) prominently constricted vs. weakly
constricted spathes; (6) presence or absence of res-
in ducts in the spathe; (7) presence of resin ducts
in the sterile staminate portion of spadix vs. with



resin ducts in either the fertile staminate portion or
in both sterile and fertile staminate portions; (8)
presence of non-functional resin canais in the
spathe vs. resin canais lacking in the spathe (usu-
ally correlated with contrasting spathe colora); and
(9) presence or absence of a terminal sterile zone
on the spadix.
  While I believe that this classification may be
somewhat artificial, it demonstrates many evolu-
tionarily important morphological features and
shows the complexity of the Philodendron spathe.
  Species of P subg. Philodendron have the spathe
tube relatively well demarcated from the blade ei-
ther by being constricted at the apex or by its con-
trasting color. Some species, e.g., P crassispathum
(Fig. 124), lack any constriction above the tube,
thus the spathe is more or less elliptic. Species that
have a weakly constricted spathe include P advena
(Fig. 40), P alticola (Fig. 45), P breedlovei (Fig.
85), P. purulhense (Fig. 323), P. schottianum (Fig.
368), and P antonioanum (Fig. 63). Despite these
exceptions, most members of P subg. Philodendron
have spathes to some extent constricted. The sub-
genera Meconostigma and Pteromischum, on the
other hand, have spathes not likely to be constrict-
ed or are only weakly constricted (Mayo, 1986).
   Spathe length is relatively variable depending on
the age of the plant and the stage of development.
Elongation of the spathe is typically more or less
arrested after anthesis, but sometimes a consider-
able amount of elongation takes place in both the
peduncle and spathe after anthesis, presumably to
accommodate the considerable expansion of the de-
veloping fruits. Spathe length varies from as little
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as 4.5 cm in P clewellii and 4.8 cm in P heleniae
to 29 cm in P pterotum and 30 cm in P warszew-
iczii. Relatively few species have spathes that ever
exceed 25 cm in length even when in fruit.
  Relatively few species have spathes less than 10



cm long. These are: P brewsterense, P chirripoense,
P clewellii, P dwyeri, P knappiae, P roseospathum
var. angustilaminatum, and P ubigantupense.
  The shape of the spathe and the relative dispo-
sition of the spadix at anthesis are taxonomically
significant, but seldom described. This is because
many species are still poorly known at anthesis, no
doubt due to the fact that anthesis in Philodendron
lasts only one or two days for each inflorescence.
  One of the features that determines the shape of
the spathe at anthesis is the degree to which the
spathe opens. Spathes of some species, such as P.
aromaticum, P copense, P dodsonii, P findens, P.
fragrantissimum, P grandipes, P hebetatum, P jo-
davisianum, P straminicaule, and P strictum, open
along the blade portion (see discussion above),
leaving an oblong-elliptic opening (Fig. 110, P co-
pense; Fig. 140, P. dodsonii; Fig. 378, P. smithii).
In these examples the spadix is either included
within the spathe or is barely exserted, stiffly erect
yet held slightly in front of the top edge of the
spathe. On the other hand, spathes of some species,
such as P angustilobum, P mexicanum, and P tri-
partitum (Fig. 423), may open so broadly as to ex-
pose much of the pistillate portion of spadix. The
pistillate portion of the spadix is usually for the
most part obscured by the prominently convolute
tubular portion of the spathe, as in P antonioanum,
P aromaticum, P copense, and P dodsonii. Those
species with spathes opening more broadly may
also have the spadix protruding forward somewhat
out of the spathe (see section on Spadix).
  The definition of the spathe tube is somewhat
imprecise, in terms of both morphology and color,
but the spathe tube may be defined as the lower
portion of the spathe (that portion which covers the
pistillate portion of the spadix). In reality it usually
extends somewhat above the pistillate portion to in-
clude the lowermost or sterile zone of the staminate
portion of the spadix. In cases where the spathe
has an obvious constriction it is that portion below
the constriction (the balance being the spathe
blade) that is referred to as the spathe tube. Though
the ending of the spathe tube is imprecise, it gen-
erally terminates where the greatest constriction of
the staminate portion of the spadix occurs, usually
immediately above the sterile staminate portion of
the spadix. Functionally, the constriction of the
spathe, coinciding with the narrowest portion of the
staminate portion of the spadix, prevents much of
 
 
the pollen from the fertile upper portion of the spa-
dix from falling directly into the chamber of the
pistillate portion of the spathe. This probably serves
more to prevent wastage of the pollen (by contain-
ing the pollen in a place where it can most easily



be carried away by beetles) than it does to prevent
self-pollination, since most species are so markedly
protogynous that no self-pollination is possible, i.e.,
the pistils are probably no longer receptive when
the pollen is shed. Testing for pistil receptivity with
the use of peroxidase paper, Grayum (1996) found
stigmas receptive throughout the period of staminal
dehiscence in P subg. Pteromischum, but numer-
ous attempts at self-pollinations of members of P
subg. Philodendron by me and others failed to pro-
duce bernes and instead resulted in aborted inflo-
rescences. Not surprisingly those species, e.g., P
advena, P crassispathum (Fig. 124), and P purul-
hense, that have spathes scarcely constricted above
the tube also have spadices not markedly narrowed
above the sterile staminate flowers. It is not known
whether the pollination behaviors of these species
differ.
  For Philodendron species with a prominent
spathe constriction, the partially closed spathe dur-
ing staminal anthesis, coupled with the swollen
area of the staminate portion of the spadix imme-
diately below it, provides a "pollen well" through
which the beetles must squeeze on their departure.
This probably ensures a greater coverage of pollen
for the departing beetle pollinators.
  Spathe tube shape and length are not particularly
useful taxonomically. Tubes range in shape from
virtually oblong (e.g., in P heleniae, P ligulatum,
and P tripartitum), to oblong-elliptic (e.g., in P
aromaticum, P copense, P dodsonii, P findens, P
gigas, P hebetatum, and P pseudauriculatum) to
elliptic (e.g., P rothschuhianum and P smithii), and
range from only 2 cm long in P clewellii to 14 cm
long in P davidsonii and P warszewiczii. Species
with spathe tubes longer than 10 cm are: P auri-
culatum, P ferrugineum, P schottianum, P sousae,
and P tysonii. Seventeen species have spathe tubes
less than 5 cm long.
 Even though the spathe tube often remains to-
tally closed at anthesis it is, nonetheless, still some-
what expanded owing to the separation caused by
the flaring of the spathe blade. Generally this pro-
vides considerable room around the spadix to ac-
commodate the pollinating beetles (Figs. 100, 128,
242, 268). At anthesis the spathe tube is consid-
erably more voluminous than before anthesis.
 
Spathe color. Spathe coloration is generally taxo-
nomically significant though variable depending on
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the age of the inflorescence. Before anthesis
spathes are frequently green on the outside, but
reddish coloration often develops well in advance
of anthesis. Coloration of the spathe tube and blade
often differs, with the spathe tube more commonly
various shades of green and the spathe blade more
commonly white, whitish, or whitish green. Even
when the spathe is green throughout, the spathe
blade is typically paler green than the tube. The
tube portion of the spathe is commonly colored or
tinged with red, maroon, or purplish violet (some-
times with other shades of red, orange, or purple)
on one or both surfaces. Strong color contrasts (oth-
er than merely green vs. white), so common in
Philodendron, are absent in other ostensibly related
genera, namely Furtadoa, Homalomena, and Anu-
bias (based on the Philodendron Alliance of Mayo,
Bogner & Boyce, 1995) and also Cercestis and Cul-
casia (included in the Philodendron Alliance of
Grayum, 1990). This would also be true of other
presumed relatives including Dieffenbachia, Mon-
trichardia, Nephthytis, Peltandra, Typhonodorum,
and even Zantedeschia.
  Generally if the spathe is colored on the outer
surface it is also colored on the inner surface (but
the reverse is not true). The inner surface is typi-
cally much more intensely colored than the outer
surface. The coloration of the inner surface of the
spathe, though commonly more or less restricted to
the tube, may extend well onto the blade, some-
times even to very near the apex, such as in P.
breedlovei, P. davidsonii, P. mexicanum, and some-
times P. sagittifolium. In some cases, such as P.
findens and P. schottianum, the color is merely
weakly diffused onto the inside of the blade. At
other times only the very base of the tube is colored
inside, such as in P. ligulatum and P. hederaceum.
The spathe blade is commonly more extensively
colored on the outer than on the inner surface, al-
though blade coloration is highly variable, both in-
ter- and intraspecifically. Nevertheless, most spe-
cies have spathe blades some shade of green or
white on the outer surface, often tinged with red,
pink, purple, or yellow. A few species, such as P.
sagittifolium and P. ferrugineum (Fig. 167), have
purplish spots or blotches throughout much of the



exterior of the spathe surface. Although the external
coloration of the spathe is usually restricted to the
tube portion, it often extends onto the blade, a sit-
uation that happens more frequently on the outer
surface of the spathe than on the inner surface.
Species that have coloration extending well above
the spathe tube are: P. antonioanum, P. breedlovei,
P. dolichophyllum, P. subincisum, and P. roseospa-
thum. Sometimes the coloration of the spathe may
 
 
be restricted to the tube, but only near the margins
of the open edge such as in P. grayumii and P
malesevichiae.
  While some species, e.g., P. alticola, P. heleniae,
and P. findens, show little or no distinction in the
coloration of the spathe tube and spathe blade, oth-
er species have distinctly different colors. In some
cases, e.g., P. antonioanum, P. cretosum, P. edenu-
datum, P. findens, P. grandipes, P. lazorii, P. ligu-
latum, P. llanense, and P. roseospathum, the tran-
sition from one color to the next is very graduai. In
other cases, such as P. hebetatum, P. immixtum, P.
jodavisianum, P. panamense, P. pterotum, P. stric-
tum, P. radiatum, P. rothschuhianum, P. scalariner-
ve, P. smithii, P. tenue, P. wendlandii, and P. zhuan-
um, the transition is less graduai but by no means
abrupt. Still other species, e.g., P. ligulatum var.
ovatum, P. dodsonii, P. gigas, P. strictum, and P.
fragrantissimum, show a distinct and abrupt tran-
sition in the spathe tube and blade colors.
  The biological significance of the frequently
darker colors on the inside of the spathe tube in
contrast to the paler colors of the spathe blade is
uncertain. It seems unlikely that either the con-
trasting colors or the dark color of the spathe tube
act in attracting pollinators. The presumed polli-
nators, dynastine scarab beetles (see section on
"Pollination Biology"), are believed to orient more
by smell than sight (Faegri & van der Pijl, 1979;
Gottsberger & Silberbauer-Gottsberger, 1991).
Moreover, their normal arrivai time, near dark,
would probably preclude their seeing contrasting
colors in any event. In addition, the dark coloration
is usually restricted to the spathe tube and often
not even visible in good light from near the mouth
of an open spathe. It is more likely that the dark-
colored spathe tube acts to encourage these cre-
puscular beetles to stay for an extended period of
time. Mayo (1986) pointed out that, since neither
P. subg. Pteromischum nor P. sect. Meconostigma
have color contrasts in the spathe blade and tube,
P. subg. Philodendron may have different pollina-
tors. Although not enough pollinators have yet been
identified to confirm this possibility, there seems to
be little evidence in favor of Mayo's hypothesis (see
section on "Pollination Biology"). Some beetle spe-



cies, such as Erioscelis proba Sharp, are known to
visit species of both P. subg. Philodendron and P.
subg. Pteromischum (Grayum, 1996) (see also Table
3, "Pollinators of P. subg. Philodendron").
  Lenticel-like structures on both the exterior of
the spathe tube and the peduncle in some Philo-
dendron species secrete large droplets of a viscous,
somewhat sweet substance. Mayo (1986) has shown
that these may consist of clusters of stomata, and
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 Table 3. Pollinators of Philodendron subg. Philodendron.
 
      Plant species                   Voucher                              Beetle species
P. anisotomum                                                      *Cyclocephala amblyopsis Bates
 
 
P. brenesii
 
 
P brevispathum
P callosum
P. correae
P grandipes
 
 
 
P. grayumii
 
P. jodavisianum
 
 
P. ptarianum
P. pterotum
 
 
 
P. radiatum
 
 
 



 
P. rothschuhianum
 
 
P. sagittifolium
P. schottianum
P. tripartitum
 
 
P. tysonii
 
 
Croat 35519
 
 
No voucher
Croat 66653
Croat 76594
Jimnez 6
Jimnez 6
Croat 43289
Croat 74840
Croat 74840
Croat 35950
Croat 35950
 
Ramtrez 1163
 
 
Croat 10903
 
 
(Young, 1987)
 
Thompson 4636
Croat 36110
 
 
 
Croat 66711
 
 
*Erioscelis columbica Endrtidi
Cyclocephala nigerrima Bates
 
Erioscelis proba Sharp
Cyclocephala rustica (Olivier)
Cyclocephala conspicua Sharp
*Cyclocephala gravis Bates
Cyclocephala sexpunctata Castelnau
Erioscelis columbica Endr6di
 
Cyclocephala rubescens Bates
Cyclocephala sexpunctata Castelnau
Cyclocephala ligyrina Bates
Cyclocephala mafaffa Burmeister
*Erioscelis columbica Endrotdi



Cyclocephala rustica (Olivier)
*Cyclocephala ampliata Bates
*Cyclocephala amblyopsis Bates
Cyclocephala ligyrina Bates
*Cyclocephala sexpunctata Castelnau
*Cyclocephala ampliata Bates
*Erioscelis columbica Endrtidi
*Cyclocephala amblyopsis Bates
Cyclocephala ligyrina Bates
Cyclocephala kaszabi Endrtidi
*Cyclocephala amblyopsis Bates
Cyclocephala kaszabi Endrtdi
*Erioscelis columbica Endrodi
Cyclocephala sexpunctata Castelnau
Cyclocephala melane Bates
*Cyclocephala amblyopsis Baies
*Cyclocephala kaszabi Endrrodi
*Erioscelis columbica Endrtdi
Cyclocephala nigerrima Bates
 
 
*Entries were provided by Helen Young, Barnard College, New York, and were based on unpublished observations
made during 1984-1985 at La Selva (O.T.S. Field Station) in Costa Rica (with the assistance of George Schatz).
Entries
without an asterisk were based on determinations made by John Rawlins at Carnegie Museum in Pittsburgh.
Collections
by S. Thompson were contributed independently to Rawlins.
 
 
pointed out their possible ecological significance as
extrafloral nectaries.
  The secretion of resin from the inner surface of
the spathe is apparently unique, in Araceae, to
Philodendron (Mayo, 1991). Mayo (1986) enumer-
ated four different types of inflorescence resin ca-
nais, at least two of which occur among Central
American Philodendron. One type, found in P tri-
partitum, has large-diameter resin canais imbedded
just beneath the epidermis on the inner surface of
the spathe. Resin is secreted directly onto the sur-
face. Another type, represented by P. smithii, lacks
resin canais on the spathe but instead has resin
canais in the staminate zone of the spadix.
 
 
  The two other types of resin canais pertain to P
subg. Meconostigma and P subg. Pteromischum. In
the former, exemplified by P bipinnatiidum Schott
ex Endl., the resin canals are "J"-shaped and tan-
gential, arising in the aerenchyma of the spathe and
extending to the surface. In the latter, exemplified
by P. sonderianum Schott, the resin canais are
evenly distributed between the aerenchyma and
epidermis and are parallel to the surface of the epi-
dermis rather than arising in a J-shaped fashion.
  Resin canais usually are present in the proximal
to i of the spathe blade and sometimes also the



distil portion of the tube. In P. subg. Philodendron,
these resin canais are generally reddish, red-pur-
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pie, or orange to brownish and generally somewhat
intermittent, as in P. sulcicaule, though sometimes
continuous, as in P. immixtum, P mexicanum, P.
sagittifolium, and P wilburii. They are always ori-
ented vertically, paralleling the veins of the spathe.
The resin canais actively secrete a resinous liquid
at anthesis that wells up onto the surface of the
spathe and sometimes runs down the spathe below
the resin ducts. The resin is generally very sticky
and probably functions in causing pollen, some-
times itself not particularly sticky, to adhere to the
bodies of the beetle pollinators as they leave the
spathe.
 
SPADIX
 
  Philodendron species are monoecious, with the
spadix bearing naked unisexual flowers. The flow-
ers lack a perigon and are closely arranged on a
more or less cylindrical spadix, with the staminate
flowers comprising the upper W--Y/ of the spadix
and the pistillate flowers comprising the remaining
basal portion. The average spadix for P. subg.
Philodendron in Central America has the staminate
portion 2.2 times longer than the pistillate.
  The spadix is usually contained for the most part
inside the spathe at anthesis (see section above on
the Spathe), although in the majority of species the
spadix is weakly exserted in front of the spathe.
The majority of plants at anthesis have their
spathes erect or tipped slightly forward so they can
provide shelter to spadices from water dripping
straight overhead.
   Spadices of some species, especially those with
broadly opened spathes (e.g., P. angustilobum (Fig.
51), P. ligulatum (Fig. 266), P. mexicanum, and P.
tripartitum) protrude prominently forward at anthe-
sis. Other species whose spathes remain convolute



to about the middle may also have spadices that
protrude prominently forward; these are: P auri-
culatum, P davidsonii, P grayumii, P. hebetatum,
P. heleniae (Fig. 229), P jodavisianum, P ligula-
tum, P llanense (Fig. 268), and P. panamense (Fig.
299).
   The spadix of Philodendron is usually only
slightly shorter than the spathe. The average length
of the spathe is 16.5 cm, while the average spadix
is 15.8 cm long. Thus on average, the spathe is
nearly 1 cm longer than the spadix. This difference
may be as little as a few millimeters or as much as
4 cm.
   The general morphology of the spadix of Philo-
dendron, though highly variable in detail, is more
or less the same for ail species in Central America.
The pistillate portion is usually pale green to green-
 
 
ish white and obliquely attached to the spathe, and
sometimes markedly stipitate at the base. The flo-
riferous part of the spadix is thus longer on the
adaxial (front) than on the abaxial (back) surface
(Fig. 40). The differences in the length of the ad-
axial and abaxial surfaces of the pistillate portion
of the spadix depend on the angle at which it is
attached to the spathe. These are referred to as
"front side" and "back side" of the spadix in the
descriptions presented in this revision.
  The staminate portion of the spadix characteris-
tically has a swollen sterile section at the base.
Typically the staminate portion is broadest at the
sterile section and gradually constricted just above
this. Above the constriction the spadix is fertile and
is gradually broadened usually to a point about %
of its length, then narrowed gradually or abruptly
to the tip.
  The staminate portion is usually uniformly white
to creamy white on the outside, although sometimes
with the axis pinkish. Immature spadices are usu-
ally green, though they become white well before
anthesis. The sterile section of the staminate por-
tion is commonly a different color than the fertile
section. Often it is more nearly white at an earlier
stage of development when the fertile flowers are
typically green. At anthesis the sterile staminate
portion is more likely to be tinged with yellow or
tan, reflecting the higher concentration of oil in
these flowers than in the fertile flowers (see below).
However, sometimes at anthesis the sterile and the
fertile staminate flowers are identical in color. The
sterile staminate portion frequently can be distin-
guished easily after anthesis with the sterile portion
maintaining a white color (Fig. 28) while the fertile
portion turns grayish or brownish. The sterile sta-
minate portion can usually be distinguished even
in these cases by the difference in the size of the



spadix (usually larger than the adjacent fertile sta-
minate portion), by the usually larger and more ir-
regularly shaped flowers, and because the sterile
staminate section typically ends just before the nar-
rowly constricted portion of the fertile staminate
portion (which itself coincides with the constricted
portion of the spathe). The sterile staminate flowers
are often more easily discernible on dried speci-
mens than they are on live ones since they tend to
dry a different color, usually somewhat more brown"
ish.
   The much higher oil content of the sterile sta-
minate flowers was reported by Pohl (1932), and it
is probably owing to this high oil content that the
sterile staminate flowers are often eaten by the
beetle pollinators (Fig. 29). A high concentration of
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lipids in the mitochondria of the staminodial cells
has been documented (Walker et al., 1983).
  The fertile staminate portion of the spadix is typ-
ically more or less clavate and bluntly tapered to-
ward the apex. In a few species, such as P. advena,
P. crassispathum, and P. davidsonii, it is more near-
ly oblong-ellipsoid, often broadest at the base and
bluntly tapered toward the apex. The spadix of P.
ferrugineum is similarly shaped but is somewhat
more constricted above the sterile staminate por-
tion. Some species, e.g., P. heleniae, have the spa-
dix broadest in the upper  rather than in the ster-
ile staminate portion.
 
Male flowers. The androecium of P. subg. Philo-
dendron is truncate at the apex, prismatic to ob-
pyramidal and usually irregularly 4-5-sided (Fig.
30). It consists of 2-6 sessile stamens (mostly 3-
4). These are always distinct for most of their length
although often weakly fused at the base. Stamen



number varies within a single spadix and is never
constant (Mayo, 1986). Despite the clear grouping
of stamens it is sometimes difficult to discern clear
floral groupings, especially when the stamens are
distinct. Mayo (1986) reported that some species
have stamens dehiscent laterally rather than ex-
trorsely.
  The androecia in P. subg. Philodendron range
from 2 to 6 mm diam. and show little interspecific
variation. Stamens of ail species studied by Mayo
(1986) had druses in their apices. Anthers are ses-
sile to subsessile with a thick connective that is
truncate at the apex and overtops the thecae. The
connective of ail species studied by Mayo (1986)
had raphides present. The thecae are ellipsoid, ob-
long or linear, emarginate at the base, and each
opens by a short lateral slit or subapical pore. The
two thecae of a stamen are generally adjacent in P.
subg. Philodendron but positioned far apart in P.
subg. Pteromischum and P. subg. Meconostigma.
Anther thecae lack cell wall thickenings in the en-
dothecium in P. subg. Philodendron (French,
1985).
  Pollen typically emerges in long, siender, some-
what viscid filamentous strands (Fig. 31) (see sec-
tion on "Pollination" for a description of its emer-
gence). These siender strands of pollen do not
persist for many hours, and ultimately the pollen
becomes matted in irregular clusters (Fig. 391, P.
straminicaule).
  In P. subg. Philodendron resin canais in the sta-
minate portion of the spadix are situated beneath
the stamens and secrete resin onto the surface of
the stamens. The same is not true of P. subg. Pter-
omischum and P. sect. Meconostigma, where the
 
 
resin canais are borne at a deeper level in the axis
and do not secrete resin onto the surface of the
stamens (Mayo, 1986) (Fig. 128, P. crassispathum).
  French (1986a) reported that the stamen vascu-
lature of most species of P. subg. Philodendron con-
sists of a single forked bundle with widely divergent
branches. Carvell (1989) reported that a single un-
branched trace supplies each stamen. According to
Mayo (1986) the staminodia have a more distinctive
floral receptacle than do the fertile staminate flow-
ers and often have a multiple-branched vascular
trace, whereas the latter have an indistinct floral
envelope and only a once-branched vascular trace.
In contrast, members of P. subg. Meconostigma
have traces that lack branches or have only short
branches that spread at an acute angle.
  Stamens in P. subg. Philodendron have both
druses and raphide idioblasts with secondarily
thickened walls and tanniniferous idioblasts occur-
ring throughout the ground tissue (Carvell, 1989).



 
POLLEN
  Anthers of Philodendron (Grayum, 1991) have a
two- or more-layer tapetum of a periplasmodial
type. Pollen mother cell cytokinesis is probably
successive.
  Philodendron pollen (Fig. 30) is binucleate (Za-
vada, 1983; Grayum, 1985, 1986, 1992a), inaper-
turate, starchy and of moderately large size (aver-
aging 40 m, ranging 28 m-40      im), with
subisopolar polarity (Grayum, 1985, 1991). As in
most aroid genera, it is shed in monads. Pollen is
typically boat-shaped-elliptic to oblong, or occa-
sionally elongate as in P. radiatum. It is usually
round in cross section, but may be very obscurely
keeled in P. hederaceum to moderately keeled in P
jacquinii, P. jodavisianum, and P. wendlandii, or
prominently keeled in P. mexicanum. The exine
sculpturing is usually psilate, but sometimes mi-
nutely verruculate, scabrate, or fossulate (P. fra-
grantissimum, P. grandipes, P. jacquinii, P. jodavi-
sianum, and P. pterotum) to punctate, subfossulate,
subfoveate, or subverrucate (P. mexicanum and P.
wendlandii).
 
FEMALE FLOWERS
  The pistils of P. subg. Philodendron are closely
aggregated on the spadix in a series of irregular
spirals. Gynoecial characters have long been con-
sidered important in the subgeneric classification
of Philodendron, and lobed stigmas were used as
early as 1832 by Schott in the recognition of his
greges Meconostigma and Sphincterostigma (the lat-
ter now a synonym of the former). The number of
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ovules per locule was used by Engler (1878) in part
to characterize the two largest sections of the genus,
Oligospermum Engl. and Polyspermium (now Ca-
lostigma and Philodendron, respectively) (Mayo,
1990).
 The pistillate flowers consist of a single naked



pistil lacking staminodia. Typically the ovaries are
ovoid to obovoid or elliptic, and terete in cross sec-
tion, or with the sides often somewhat irregularly
angular by compression owing to their close prox-
imity with adjacent pistils. Embryo sac develop-
ment is of the Polygonum-type (Grayum, 1991).
Each ovary for the genus is syncarpous, superior,
and contains 2-47 locules (4-10 in P subg. Philo-
dendron of Central America). Ovaries range in size
from 0.5 mm (as in P sousae) to 9.2 mm long (as
in P advena). The locules are typically oblong, with
thin translucent walls that extend 3-- the length
of the ovary. The style is barely distinguishable
from the remainder of the ovary, mostly by being
slightly thicker and opaque, rather than translu-
cent. While Dahlgren and Clifford (Dahlgren et ai.,
1985) reported no style in Araceae, both Eyde et
al. (1967) and Mayo (1986, 1989) indicated that
the region has a distinct anatomy. Mayo (1989) de-
fined the style of Philodendron as "that portion of
the gynoecium between the base of the stigmatic
epidermis and the ovary locules." Slender, con-
spicuous styles are rare in Philodendron, but do
exist, as in P jacquinii (Fig. 242).
  Each carpel is connected to the stigma apex or
compitum (common stylar canal) by a stylar canal.
The compitum (Endress, 1982) is a cavity or com-
plexly shaped channel into which the pollen may
be inadvertently packed by the beetle pollinators.
This no doubt allows for enough grains to be left to
insure pollination, and to make sure not ail are
removed from the stigma by movements of the bee-
ties. The stigmatic epidermis extends into the com-
pitum from the stigma apex (Mayo, 1989). At the
base of the channel or cavity there is a ring of holes
that leads into the stylar canais. Where no compi-
tum is present, such as with "Type B" and "Type
D" styles (see section on "Style Types" below), the
stylar canais lead directly onto the surface of the
style. These canais are readily visible on the dried
stigmas of many species if the preservation is ad-
equate. They are particularly easy to see in fruiting
collections.
  The gynoecium has a separate stylar canal for
each carpel (see fig. 1 in Mayo, 1989). Each canal
may open at its upper end into a compitum. A com-
pitum is rare among Central American species (see
section on Style Types below), but is present in P
correae, P ligulatum var. heraclioanum, P smithii,
 
 
P. straminicaule, and P. warszewiczii. A compitum
has also been seen on an unusual collection of P.
radiatum and some populations of P. tripartitum.
 The vascular anatomy of Philodendron ovules
has been studied by French (1986b). Of the five
species he studied, three were South American



while two, P jacquinii ("P hederaceum") and P in-
concinnum ("P. immixtum"), occur in Central
America. French reported a single vascular trace
for ail of these except P. jacquinii, which has mul-
tiple traces. Carvell (1989) reported that the vas-
culature of the gynoecium in Philodendron arises
from a single trace, which divides centrifugally to
yield a single branch trace for each locule. The
carpel traces branch once to form a connection with
the placenta as well as a single dorsal trace. The
placental trace forms individual connections with
each ovule (Carvell, 1989).
  Finally, a few miscellaneous anatomical features
of the gynoecium should be mentioned. Both tan-
niniferous idioblasts as well as raphide idioblasts
are lacking in the gynoecium of Philodendron, but
the gynoecium does contain druse idioblasts (Car-
vell, 1989). Like most Araceae, Philodendron has
unicellular ovular and placental trichomes (French,
1987b). These function in secreting mucilage pre-
sumably for the protection of ovules.
  Ovules of Philodendron are bitegmic, with the
inner integument forming the micropyle. The integ-
uments are usually completely free from one anoth-
er (Grayum, 1991).
  Seemingly the most important morphological fea-
tures of the pistil from the standpoint of systematic
importance are the quantity and distribution of the
ovules and the type of style, discussed in subse-
quent sections.
 
Placentation. Placentation type for P subg. Philo-
dendron in Central America is usually axile or sub-
basal, with 50 species having sub-basal placenta-
tion and five species with basal placentation. Those
with basal placentation are: P. dwyeri, P granula',
P. smithii (also sometimes sub-basal), P sousae
(also sometimes sub-basal), and P zhuanum. Forty-
seven species have axile placentation and two ad-
ditional species, P ferrugineum and P sagittifo-
ium, with mostly sub-basal placentation, sometines
have axile placentation when they have especially
numerous ovules per locule.
  Some general rules regarding placentation type
and number of ovules per locule are the followaig:
species with basal placentation have only a solitary
ovule per locule and tend to have a few large seeds
per berry. Species with sub-basal placentation usu-
ally have only 1 to a few ovules per locule (aver-
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aging 2.1 to 3.5 respectively for the minimum and
maximum number in the range) and typically fewer
than 6 but rarely to 10 or to 12 (as in P. brenesii
and P davidsonii subsp. bocatoranum). Species
with basal and sub-basal ovules tend to have rather
large seeds as well, although sometimes their seeds
are quite small. On the other hand, species with
axile placentation usually have 10 or more ovules
per locule (averaging 14-18 respectively for the
minimum and maximum in the range) but some-
times as few as 3 (P. dressleri and P warszewiczii),
or 4.
  For those species with only a few ovules per loc-
ule, the disposition of the ovules seems to be un-
organized or digitate, but for those with more than
a few ovules, the placentas may be uniseriate or
more generally biseriate or, less frequently, in 1-2
or 2-3 series (see Appendix 2, "Technical Data on
Pistils"). Mayo (1989) reported that, based on his
studies of the gyneocial morphology and anatomy
of 15 mostly South American Philodendron species,
the placenta of even those species whose ovules
appear to be in a single row might actually be bis-
eriate, with the funicles inserted alternately along
the placental ridge. This is also true in Central
American species. Forty Central American taxa of
Philodendron proved to have biseriate placentas,
while much smaller numbers appeared uniseriate
(13), 1-2-seriate (9), 2-3-seriate (11), or digitate
(4). Twenty-six species lacked any appreciable or-
ganization owing to the small number of ovules, and
one species, P. niqueanum, was not studied due to
inadequate material.
 
Ovary locule number. Mayo (1991) reported that
ovaries in P. subg. Meconostigma range from 3- to
47-locular, and Bunting (1986) reported 2 (rarely
3) locules per ovary as characteristic of P. sect.
Philopsammos.
 Though the number of ovules per ovary is highly
significant in separating P. sect. Philodendron and
P. sect. Calostigma, the number of locules is not a
good indicator of relationship. While the average



number of locules per ovary has a slightly lower
range for P. sect. Philodendron (4.6-6.1 vs. 5.5-7.4
for P. sect. Calostigma), the difference is not great.
In P. sect. Calostigma the number of locules per
ovary ranges from 1 to 10. In P. sect. Philodendron
it ranges from 3 to 10. While P. sect. Philodendron
rarely has more than 8 locules per ovary, and P.
sect. Calostigma rarely has fewer than 5, more spe-
cies (14 in ail) have 8 locules per ovary than any
other number.
 No species of P. subg. Philodendron in Central
America were found to have bilocular ovaries,
 
 
though two species, P sagittifolium and P. zhuan-
um, may have only a single locule. In the latter
species, the number of locules ranged only from 1
to 3, but in P. sagittifolium the number of locules
ranged up to 8. Often such low locule numbers oc-
cur only near the base of the spadix, where the
ovaries are often somewhat irregular in shape. Fre-
quently, the lowermost pistils on the spadix are
larger or smaller than those in the middle of the
spadix and are more widely spaced and of irregular
cross-sectional shape. Three-locular ovaries are
rare, known only in two species: P copense and P
sagittifolium. Five other species, P. chirripoense, P
hederaceum, P. immixtum, P morii, and P squam-
icaule, may rarely have 3-locular ovaries.
  Four-celled ovaries are fairly common in P. subg.
Philodendron. Four species, P. cretosum, P jacqui-
nii, P knappiae, and P. subincisum, so far have
demonstrated only 4-locular ovaries. Most species
with 4-locular ovaries also have 5-locular ovaries
on the same spadix. Four species showed exclu-
sively 5-locular ovaries. Only eight species have
locule numbers greater than 10; ail but one of these
are in P. sect. Calostigma.
 
Ovules per locule. The number of ovules in each
locule varies from 1 to numerous. Mayo reported
numbers as high as 51 for P. subg. Meconostigma,
but my studies of P. subg. Philodendron show the
highest number found for any Central American
species is 36, in P fragrantissimum. Only 4 other
species, P antonioanum, P. panamense, P. squam-
ipetiolatum, and P verrucosum, have 30 or more
ovules per locule, and 17 species have 20-29 (see
Appendix 2, "Technical Data on Pistils"). Fifty-six
species (62 taxa) have fewer than 10 ovules per
locule.
 Along with leaf morphology, the number of
ovules per locule has long been used as a principal
means of assigning sectional affinity in Philoden-
dron (Engler, 1878, 1879, 1899; Krause, 1913;
Mayo, 1989). Central American members of P
subg. Philodendron generally fall into three cate-



gories in terms of number of ovules per locule.
Many species, including most members of P sect.
Calostigma, P sect. Tritonwphyllum and P sect.
Baursia, have one to few (rarely to 4 or 5, but al-
ways with basal or sub-basal placentation). Forty-
four species and four subspecies belong to this cat-
egory. A second group, with axile or sub-basal pla-
centation, generally bas 4-10 ovules per locule, but
sometimes up to 14. Nineteen species fall into this
category. The third group has exclusively axile pla-
centation, mostly with many (15+) ovules per lue-
ule. These groups may not he natural, since two
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species (P. davidsonii and P roseospathum) have
one variety in each of the aforementioned groups.
 It might be expected that, since the pistils of
different species of Philodendron are roughly the
samie size (mostly ranging from 1 to 4 mm long and
about  to % as wide), the size of the ovules might
be larger in those species with fewer ovules per
locule than in those with more. Though there are
differences in ovule size (see Appendix 2, "Tech-
nical Data on Pistils"), they are not great. Of 44
species of Philodendron studied that had axile pla-
centation, the ovules ranged from 0.1 to 2.1 mm
long. Alternatively, 48 species with basal or sub-
basal placentation had only slightly larger ovules,
ranging from 0.31 to 0.5 mm long.
  Ovules in Philodendron are hemiorthotropous or
orthotropous (Grayum, 1991), rarely hemianatro-
pous (Mayo et al., 1997) and bilaterally symmetri-
cal with an eccentric attachment of the funiculus
(French, 1986b). The funicles are usually as long
as or longer than the ovules. The ovules that are
axile usually have funicles of different lengths,
since they are positioned increasingly higher on the
axis. After meeting with the wall of the locule the
funicle is lightly fused to the wall ail the way to
the base and can be easily removed intact by pull-
ing it free. This might argue against the assumption
by Mayo (1989) that basal and sub-basal placen-



tation were derived from axile placentation, since
axile placentation could have developed by a
lengthening of the funicular plexus and a fusion to
the wall. While no anatomical study was made of
this phenomenon, the frequent presence of basal
funicles in axile placentas makes it appear that at
least in the case of some Central American species
of P. subg. Philodendron, species with axile pla-
centation may have evolved from species with basal
or sub-basal placentas.
  The funicles in P. subg. Philodendron are fre-
quently densely covered with short, usually incon-
spicuous, gland-like trichomes from near the base,
sometimes extending to about half their total length.
The secretory trichomes are continuous with those
of the placentas and lining of the stylar canals
(Mayo, 1989).
  Funicles often bear a band of glandular tri-
chomes at or near the base. These were well illus-
trated by Krause (1913) who reported them com-
monly in P. sect. Baursia and P. sect. Calostigma
but with a few in P. sect. Philodendron as well.
These small glands can only be seen under high
magnification and probably secrete mucous into the
ovary, preventing the ovules from drying out.
  Funicles are often fused into a thickened, some-
times ramified, more or less translucent placenta.
 
 
The entire placenta and its associated funicles and
ovules may be removed, making counting them less
difficult. Sometimes, however, adjacent locules
share a common trunk so that care must be taken
to insure that one is not removing the contents of
two locules.
  The free portion of the funicle on species with
axil placentation seems to be proportionately short-
er than the free portion of those with sub-basal pla-
centation. This is perhaps because those species
with axile placentation have somewhat longer loc-
ules allowing greater spacing of the ovules. Those
species with sub-basal placentation and three or
more ovules per locule have the funicles arising
from one small area near the base of the axile wall,
and often have much smaller locules than those
with axile placentation. Ovules need to be separat-
ed for proper development, and funicles of different
lengths allow for this. Thus, in many cases, funicles
are longer in those species with sub-basal placen-
tation. The generally smaller locule size for species
with sub-basal or basal placentation is confirmed
by a survey of locule size. Species with basal or
sub-basal placentation have locules ranging in
length from 0.32 mm in P. jefense to 9.5 mm in P.
warszewiczii, with the average minimum length 1.9
mm and the average maximum length 3.5 mm. On
the other hand, locules range in length from 0.40



(P. bakeri, P. sousae, P. sulcicaule, and P. wilburii
var. longipedunculatum) to 0.7 mm (P. advena); the
average minimum length is 1.12 mm while the av-
erage maximum is 1.75 mm.
  The funicles of a single ovary are usually not of
equal length if the ovules are basal or sub-basal,
since the ovules are usually positioned at slightly
different heights off the floor of the locule. Even
when the ovules are scattered along much of the
length of the axis of the locule wall, the funicles
are of slightly different sizes.
 
Style and stigma morphology. This treatment fol-
lows the classification of styles and stigmas of Mayo
(1989). Mayo (1986) defined the style in Philoden-
dron as "that portion of the gynoecium between the
ovary locules and the base of the stigmatic epi
dermis." Although there is considerable diversity
at the microscopic level, much of the detail of the
style is easily visible only by dissection (see section
entitled "Style Types"). The fresh styles of P. subg.
Philodendron are relatively uniform microscopical-
ly. Usually they are hemispherical or sonetuime
globose or depressed-globose. The microscopically
visible portion is the stigma, a "single continuons
area in which the epidermal cells are greatly elon-
gated into secretory papillae" (Mayo, 1986). This
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dense layer of stigmatic papillae is so closely
packed and so engulfed in a gelatinous fluid as to
appear almost solid. Still, a needle can be passed
easily across and through much of its volume in
any direction without disturbing its shape. The stig-
matic papillae are slender, many times longer than
broad, and attached to the surface of the style.
Mayo (1986) reported that the stigmatic papillae
often contain tannin cells.



 The stigmatic papillae typically dry to form a
thin, flat, often translucent, wafer-like mantle
around the now somewhat visible style apex. In
time the stigmatic mantle may fall off altogether
allowing easy inspection of the style apex. Some-
times the stigma dries erect and disheveled. In
these cases the appearance of the stigmas is more
difficult to determine but, regardless of how the
stigma dries, the style apex often can be made eas-
ily visible on a dried specimen by lightly scraping
away the stigmatic papillae. The complexities of the
style types of Philodendron are discussed below.
 
Style types. The present work adopts the gynoecial
classification of Mayo (1989) in which six distinct
style types were described and illustrated (Fig. 469,
"Style Types in Central America"; see Appendix 2,
"Technical Data on Pistils," which summarizes the
style types for P subg. Philodendron of Central
America). Only two species, P niqueanum and P.
utleyanum, have style types not yet known. The ta-
ble also includes the number of locules per ovary,
placentation type, number of ovules per locule, ova-
ry size, disposition of ovary, and the nature of the
ovular sac when present.
 Style type is one of the most important gynoecial
features in Philodendron. While the stigma is mod-
erately uniform in its superficial appearance, the
style is highly diverse in morphological features.
Unfortunately, these features are largely hidden by
the stigmatic papillae when the pistil is fresh. De-
spite the shape of the style, the stigmatic papillae,
which cover ail or part of the style, may form a
stigma of more or less unifonm shape.
 
    Style Type A has a compitum (common fun-
    nel into which the pollen may be packed, de-
    fined as the space between the upper stigmatic
    papillae and the level at which the stylar ca-
    nais emerge onto the style surface) with ridged
    inner walls and a lobed apex, with each lobe
    corresponding to the apex of one carpel. Style
    Type A is restricted to P subg. Meconostigma
    and thus will not be considered further here.
    Style Type B (Fig. 469A) lacks a compitum.
    Instead, the stylar canais open into relatively
 
 
broad concavities on the style apex. These
concavities are arranged in a ring with one
hole per locule. Style Type B also has the sty-
lar canal entering directly into the apex of the
locular cavity. Although the style apex may be
completely flattened or broadly concave, it is
sometimes weakly ridged between the aper-
tures of the stylar canais. These ridges meet
in the middle of the style and may even form



a weak central beak. Some styles also have
well-developed stigmatic papillae associated
with the stylar canais causing the surface to
be at least weakly lobed, with a single lobe for
each locule. In dried condition Style Type B
sometimes appears as a button-like structure,
somewhat resembling Style Type D. It is there-
fore important in determining style type to
make comparisons of material at or near an-
thesis. Style Type B seems to be most closely
related to Style Type D and shares with that
type the relatively large stylar canal pores on
the surface of the style apex relatively near its
periphery. Style Type B is the most common
type in Central America, known in at least 70
species. One species, P tripartitum, though
usually having Type D styles, also has Type B
and E styles in some populations of the spe-
cies (see that species for a discussion of its
style types).
Style Type C (Fig. 469B) is characterized by
being decidedly concave or funnel-shaped at
the apex with no lobes on the margins of the
rim and with the stylar canais arising in a nar-
row cluster at the base of the compitum (fun-
nel). Since the stylar canais are closely clus-
tered there is no central dome (defined as any
stylar tissue that lies above the level at which
the stylar canais emerge onto the style sur-
face). In contrast to style Types B and D, h•th
of which have rather prominent stylar pores,
the stylar pores of Type C are small, sometimes
barely visible, and in a generally smaller cir-
cle nearer the middle of the style apex. This
style type is rare in Central American P subg.
Philodendron, and is known primarily in P
subg. Pteromischum. Only tive taxa of P subg.
Philodendron, (P correae, P. cotonn.e, P lig-
ulatum var. heralioanum, P straminicaule,
and P warszewiczii) have exclusively Type C
styles. Though their pistils are funnel-shaped
at the apex, these species have funnels gen-
erally not as deep as those of P subg. Pter-
omischum as illustrated by Mayo (1989). One
other species, P raditum, has at least one
collection (Croat & Hannon 63414) with the
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   style type that also has a funnelform apex and
   looks like a Type C style. While the dried style
   of this collection is distinct and button-like,
   the pores are central in a shallow concavity.
   Style Type D (Fig. 469C) is similar to Type
   B in that it lacks a compitum and has thick
   stylar canals emerging in a circle on a flat sty-
   lar apex relatively close to the margin of the
   stigma apex. It differs from Type B in that the
   style is constricted around the circumference
   to form a protruded flat "style boss" (defined
   as a  domed, circular, stigma-bearing pro-
   jection that extends beyond the main part of
   the style and is separated from it by a short
   neck) that rises above the general level of the
   style apex. Thus the style appears to have a
   short flat neck at the apex. It is from the "style
   boss" that the stylar canais emerge. The stylar
   pores are relatively large and borne relatively
   near the margin of the style apex. At least 23
   species of P. subg. Philodendron in Central
   America have Style Type D, the second most
   common style type.
 
 It is easy to confuse or misinterpret Style Types
B and D if the specimens are not well preserved,
especially if the material studied is not fresh but
rather rehydrated. Species with Type B styles some-
times have styles that dry with a button-like apex
resembling that of Type D. At least one collection
of P. advena has both Type D and Type B styles.
Some populations of P. tripartitum have not only
Type D styles but Type B and Type E as well (see
the discussion of that species for details).
 
    Style Type E (Fig. 469D) has a slender fun-
    nel-shaped to cylindrical compitum with a dis-
    tinct raised annulus around the upper rim. The
    stylar canais arise in a small cluster at the
    base of the compitum just as in Type C styles.
    The latter differ, however, in lacking the rim
    on the style apex. Type E styles are rare in
    Central American P. subg. Philodendron,
    found in only P. granulare and perhaps P.
    smithii. Philodendron granulare has such an
    unusual form of the Type E style that it should
    perhaps warrant its own status. In P. granulare
    the annulus of the stylar funnel actually pro-
    trudes well above the surface of the style (at
    least in its dried state). Philodendron smithii



    was reported by Mayo (1989) as having a Type
    E style, but no rim is obvious in fresh material
    of the species. It is more appropriately a Type
    C style. Philodendron tripartitum, though usu-
    ally with Type D styles, has Type E styles in
 
 
    some parts of its range (see the discussion fol-
    lowing that species for details).
    Style Type F is narrowly funnel-shaped with
    a small dome at the base of the compitum
    around which the stylar canais arise. This type
    is not known among the Central American
    Philodendron. It is known only from P. burle-
    marxii G. M. Barroso, a member of P. sect.
    Baursia (Mayo, 1989) from Amazonian Brazil.
 Mayo (1989) has shown that the course of indi-
vidual stylar canais is correlated with the type of
placentation. Those species with basal or sub-basal
ovules, such as P. tripartitum and P smithii, have
stylar canais that course down the center of the axis
of the pistil and enter the locule near its base.
Those species with axile placentation have stylar
canais that also course down the pistil axis and
enter the locule somewhere above the base of the
locule, but only rarely at the very apex. The stylar
canais are lined with papillose epithelial cells,
which are contiguous with the stigmatic epidermis
(Mayo, 1989). These secrete the gelatinous mucous
that keeps the stigmatic surface moist.
 
FRUITS AND SEEDS
  In Philodendron the developing pistils remain
within the reclosed spathe after anthesis and pol-
lination until they are fully ripe [except in the rare
case of P. surinamense (Miq.) Engl., a South Amer-
ican member of P. subg. Pteromischum that prompt-
ly loses its spathe after anthesis]. The spathe en-
larges somewhat to accommodate the enlarging
berries. When the berries are mature the spathe
once more begins the process of reopening, but it
breaks completely free at the base where it is
obliquely attached to the peduncle. Sometimes the
spathe fails completely free after loosening even
before it opens, but in general it breaks up begin-
ning at the base and falls off (Fig. 33) eventually
falling completely free and leaving a scar just above
the peduncle (Fig. 34). Generally the old, withered
staminate portion of the spadix falls free at this time
as well and the bernes are exposed on the remain-
ing pistillate portion of the spadix (Fig. 33, Philo-
dendron hebetatum). In the process of unfolding,
the spathe often develops deep longitudinal fis-
sures, which apparently enable it to unfold. Sone-
times the old persistent spathe persists on the pe-
duncle with fragments of the inner surface exposed
(Figs. 35, 36).



  The berries of Philodendron are cylindrical to
obovoid, generally with a thickened cap-like apex
and not markedly colored, though berry colors from
pale yellow to bright orange or even red to purple
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do exist (see section on berry color). Berries in P.
subg. Philodendron are universally soft and fleshy
except for the frequently thickened apex. The seeds
can be seen easily through the sides of the bernes.
When fully mature the apical portion of the berry
is easily tom free, and the thin, fragile sides of the
berries are easily ruptured (see section on seeds).
  Though little is known about fruit dispersai, the
mesocarp surrounding the seeds contained within
each locule is juicy or gelatinous and is usually
sweet and sticky, making it logically animal dis-
persed. Infructescences that appear to have been
pecked apart by birds (Fig. 36) are frequently seen.
Certainly the sticky seeds, often many per berry,
would logically be easily dispersed on birds' beaks.
Alternatively, the infructescence is large, and even
faintly scented when fully mature, making it an ap-
pealing meal even for mammals such as monkeys.
Grayum (1996) theorized that those species of P.
subg. Pteromischum with whitish fruits, which may
produce a garlic-like or pepper-like odor at night,
are dispersed by bats. Those with orange fruits may
be dispersed by diurnal animais. Certainly the
manner in which many species of P. subg. Pter-
omischum flower, e.g., on the ends of short, spread-
ing branches some meters above the ground, would
make them superbly positioned as bat fruits. There
are also species of P. subg. Philodendron, such as
P. lentii, which have their branches held in a sim-
ilar manner.
  Ants are also probable dispersers of Philoden-
dron seeds. I have seen two different species of ants



carrying away individual seeds of Philodendron.
Ant dispersai is certainly important for those spe-
cies, such as P. megalophyllum in South America,
that live almost exclusively on ant nests. One cul-
tivated individual of that species even set fruit re-
peatedly without being pollinated. Doing so in na-
ture would provide a steady, abundant supply of
berries for its ant dispersers and assure the species
widespread dispersai. Indeed, the species is partic-
ularly successful even in areas of white sand soil
where soil nutrients are very low.
  Although berry color is known for only a rela-
tively small number of Philodendron species (53
out of 96), some general comments can be made.
Berry color in Philodendron is not so important tax-
onomically as it appears to be in Anthurium (Croat,
1983a, 1986a, 1991). Grayum (1996) reported that
for P. subg. Pteromischum the fruits sometimes pro-
vided taxonomically significant characters, with
species related to P. inequilaterum having orange
fruits while other species have whitish fruits.
 Mature bernes of most Philodendron species are
generally described as "white," but are usually
 
 
more nearly ochraceous or somewhat greenish
white. A total of 33 species have either white,
creamy white, or greenish white fruits at least some
of the time. In some species, such as P. advena and
P smithii, the whitish berries turn somewhat yel-
lowish when fully mature, and the mature fruits of
P. brevispathum are pale yellow. The berries of P
sagittifolium are usually pale yellowish but rarely
have been reported as orange. While the majority
of Philodendron berries are whitish, 17 species of
Central American P subg. Philodendron are known
to have berries at least sometimes pale orange to
orange. An additional three species have yellow or
yellowish berries. Philodendron fragrantissimum
has bright red to purple-red bernes.
  Known species with orange fruits are members
of P. subsect. Glossophyllum. These are: P. auri-
culatum, P. bakeri, P. cotonense, P pseudauricula-
tum, P. wendlandii, and P. wilburii. Other species
with orange fruits are P. anisotomum, P brenesii, P.
crassispathum, P. ferrugineum, P. lentii, as well as,
at least sometimes, P. jacquinii and P sagittifolium.
Three of the above, P. brenesii, P. crassispathum,
and P. lentii, are members of P. ser. Ecordata. Thus,
it may be significant that most species with decid-
edly orange fruits are members of P sect. Calostig-
ma. Even P ferruginewum, with orange berries, and
P. sagittifolium, sometimes with orange berries, are
members of P. sect. Calostigma. Only P. anisoto-
mum (P. sect. Tritomophyllum) and P. jacquinii (P.
sect. Macrogynium) are not members of P sect. Ca-
lostigma.



 The seeds of P. subg. Philodendron are few to
many per berry and are mostly oblong to oblong-
ellipsoid, ellipsoid, ovoid-oblong, or less frequently
ovoid. Typically they are minute (see below). The
seeds are typically more or less terete, though they
may be somewhat flattened, e.g., in P. findens. They
have a rather thick, smooth (e.g., P. granulare) or
striate-costate testa, as well as copious endosperm.
The longitudinally oriented striations may be weak
(P. advena, P. findens, P. cotonense, P purpureovir-
ide, and P. sagittiolium) to strong (P ferrugineum
and P. grandipes). Seeds of Philodendron microstic-
tum have both longitudinal striations and much fin-
er cross-etching. A number of species are reported
to have seeds with pale raphide cells on the sur-
face. These include P. hederaceum and P. warszew-
iczii. Seeds of some species, e.g., P. ansotomum
and P hederaceum, sometimes have a constriction
on the end opposite the funicule.
 Philodendron seeds are usually dramatically
smaller than those of Anthurium, which typically
have only two serds per berry. Seeds of species of
P subg. Philodendron studied (a total of 48 species)
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ranged from 0.5 mm to 5 mm and averaged 1.67
mm long; seed diameter ranged from 0.1 to 3 mm,
averaging 0.7 mm. The longest seeds were those of
P jacquinii and P hederaceum, at 5 mm. Relatively
few species have seeds longer than 2 mm: P ad-
vena, P anisotomum, P findens, P dolichophyllum,
P grayumii, P purulhense, P rothschuhianum, P.
sagittifolium, and P. warszewiczii.
 The number of seeds in each locule is often
many fewer than the average number of ovules per
locule, presumably owing to the fact that not ail are
properly pollinated. A careful examination some-
times shows the aborted undeveloped ovules that
were present at the time of flowering. The percent-
age of ovules in each locule that develops into
seeds varies from species to species. Species of P.
sect. Calostigma that have only one or a few ovules



per locule are more likely to have an equal number
of seeds. On the other hand, species in P sect.
Philodendron, especially those with large numbers
of ovules per locule, rarely develop all their ovules.
  Because species of P sect. Calostigma have few-
er ovules per locule and thus fewer seeds, one
might expect them to have larger seeds. Though
admittedly the sample size was small (only 21 spe-
cies studied for P sect. Calostigma and 17 for P.
sect. Philodendron), the unexpected results were
that the seeds of species of P sect. Philodendron
in Central America averaged slightly larger than
those of P sect. Calostigma (to 1.69 mm long for
P sect. Philodendron and to 1.66 for P sect. Ca-
lostigma).
  Philodendron seeds are largely pale in color,
mostly shades of brown, tan, or white, though for
most species mature seeds have not been observed.
Seeds vary in color from medium green (P roths-
chuhianum) to whitish (P roseospathum), tan (P. al-
ticola, P annulatum, P granulare, P morii, P smi-
thii), yellowish or pale yellow (P brenesii, P
llanense, and P strictum), yellow-orange (P crassis-
pathum, P purpureoviride, P wilburii, and P mex-
icanum), brown (P ferrugineum), or reddish brown
(P heleniae). The dried seeds of two species, P.
findens and P jefense, are described as translucent.
 
POLLINATION BIOLOGY
 
  Although there are frequent insect visitors to
Philodendron, especially small Hemiptera in the
genus Neelia, which appear not to feed or mate on
the inflorescences (H. Young, pers. comm.), only
the larger beetles are known to be pollinators. The
system of pollination is nearly identical to that of
Dieffenbachia (Croat, 1983b; Young, 1986, 1990).
Pollinators are members of subfamily Dynastinae in
 
 
the family Scarabaeidae (Fig. 32). All determined
beetles collected from either Central American or
South American Philodendron are members of the
genera Cyclocephala and Erioscelis. Some species
of beetles are not particularly host-specific, visiting
members of both P subg. Philodendron and P
subg. Pteromischum; other genera such as Dieffen-
bachia, Homalomena, Syngonium, and Xanthoso-
ma; and sometimes even other families including
some palms (Arecaceae), Cyclanthus bipartitus Poit.
ex A. Rich (Cyclanthaceae), as well as Annona and
Cymbopetalum in the Annonaceae (M. Grayum,
pers. comm.; Schatz, 1990). Cyclocephala negerri-
ma Bates, for example, has been found visiting P.
brenesii and P tysonii, but also P standleyi Gra-
yum, a member of P subg. Pteromischum (see Table
3). Though beetles are not very species-specific



pollinators, individual beetles of some species tend
to be somewhat stratum-specific, visiting only those
species growing at particular height ranges above
the ground (Schatz, 1990; Helen Young, pers.
comm.). These beetles are attracted to the Philo-
dendron inflorescence, usually late in the day or at
dusk. Attractants and/or rewards are apparently a
combination of scent (at least in many cases), a
source of food (oil-bearing sterile staminate flow-
ers), warmth (thermogenesis), and shelter.
  Scents produced by Philodendron species are not
always obvious, at least in P subg. Philodendron.
George Schatz and Helen Young (pers. comm.) have
documented floral odors for species of Philoden-
dron and have identified the principal constituents
of these aromas. Some species have noticeably
sweet aromas in the early evening hours, while oth-
er species have no noticeable scent, at least during
the early evening hours on the first day of anthesis.
Philodendron megalophyllum (in cultivation at the
Missouri Botanical Garden), a South American spe-
cies, had a faint spicy aroma detectable directly at
the spathe during the evening, but even this faint
aroma was absent the following morning on day wo
of the flowering event. At the same time the stigmas
were soft, juicy, and sticky but without an obvious
flavor or taste both in the evening and the following
morning. Schatz (1990) believed that the pattern of
visitation to Philodendron exhibited by beetles at
La Selva in Costa Rica was to a great degree ex-
plained by odor. He pointed, for example, to the
high degree of specificity exhibited by Philoden-
dron radiatum and an undescribed species of C-
clocephala. The aroma given off by P radiatum was
made up of compounds unique to that species.
  At anthesis the open spathe of Philodendron pro-
vides ample space at the base in the area surro'und
ing the pistillate portion of the spadix. The spathe
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blade may provide a certain amount of protection
against rain, as mentioned previously. Beetles typ-
ically spend the first night and most of the following
day inside the spathe where they remove the sticky
exudate from the pistils, eat pollen (Gottsberger &
Silberbauer-Gottsberger, 1991), feed on the sterile
staminate flowers, and mate. Studying P. bipinna-
tifidum, Gottsberger and Silberbauer-Gottsberger
(1991) found that the beetles were active mostly
during the first 10 to 20 minutes after arrivai and
during the strongest production of scent. Copulation
was most active immediately after arrivai, when the
spadix was warmest; grazing on the sterile male
flowers also subsided by the time the spadix had
cooled off. Old inflorescences that have been pol-
linated often have the sterile staminate portion of
the spadix entirely eaten away.
 Typically the number of beetles found in a single
inflorescence is modest, frequently no more than
five and sometimes up to a dozen beetles. However,
sometimes the numbers are simply astounding, with
Gottsberger and Amaral (1984) reporting as many
as 200 beetles in a single inflorescence of P. bip-
innatifidum. While visiting beetles are often of the
same species, sometimes more than one species of
beetle may be found in the inflorescence. Though
beetles typically do not leave the spathe until about
dusk, they will leave if the inflorescence is suffi-
ciently disturbed. When beetles are disturbed, they
may crawl slowly up the spathe or spadix and ap-
pear at the rim of the open spathe, at which point
they generally fall promptly to the ground where
they disappear in the leaf litter or soil with re-
markable speed.
 Thermogenesis, the production of heat in the
spadix by the rapid oxidation of stored starch or
lipids (Walker et al., 1983; Gottsberger, 1990),
plays an important role in the pollination of Philo-
dendron (van Herk, 1937a-c; Van der Pijl, 1937;
Knutsen, 1974; Seymour et al., 1984). Gottsberger
(1984, 1986), studying P bipinnatifidum, has
shown that, although oxidation of carbohydrates
takes place during preheating of the spadix, lipids
are oxidized thereafter during maximum heating
and are consumed directly, not after conversion to
carbohydrates. This makes the biochemistry of this
species similar to that accompanying heat produc-
tion in some animais. The thermogenic reaction oc-
curs principally in the staminodial region of the
staminate portion of the spadix (James & Beevers,
1950; Henry & Nyns, 1975) involving the inner
surface of mitochondrial membranes (Urdentlich et
al., 1991) and is triggered by an accumulation of
salicylie acid (Meeuse & Buggeln, 1969; Raskin et
al., 1987, 1989; Meeuse, 1975, 1978; Raskin,
 



 
1992). The end result of this high rate of respiration
in these plants is the production of heat rather than
ATP as in animais (Meeuse, 1966). To accomplish
this high increase in metabolism the plant's mito-
chondria in the inflorescence switch to an electron
transport pathway commonly referred to as the "cy-
anide-resistant pathway."
 The thermogenetic heat rise in Philodendron is
sometimes dramatic, with temperatures rising well
above ambient temperature (Nagy et. al., 1972;
Knutsen, 1974). Gottsberger and Silberbauer-Gotts-
berger (1991), working with P bipinnatifidum, re-
ported temperatures of spadices occasionally to
460C with the highest and most efficient tempera-
tures for the emission of scents being maintained
for 20-40 minutes. Thermogenesis does not create
even or constant temperatures, but rather produces
fluctuations depending on the time of day with def-
inite peaks (Leick, 1910, 1916; Engler, 1920a,
1920b; Foster, 1949; Nagy et al., 1972; Sheridan,
1960; Gottsberger & Amaral, 1984), the greatest
occurring when beetle visitation and odor is most
intense (Gottsberger & Amaral, 1984). Temprature
peaks may occur on two or more successive days.
While the increased temperature is presumably re-
sponsible for the production of scent compounds
(Nagy et al., 1972), and whereas the production of
heat and scent appears closely correlated with
peaks in temperature, there is still controversy over
the exact function of the heat production at least
as it pertains to genera that produce foui odors.
Moodie (1976) suggested that heat production and
the higher levels of carbon dioxide production are
components of a carrion, dung, and mammal mim-
icry syndrome and that heat production aids in pro-
viding sufficient warmth in colder climates for the
activity of pollinating organisms. The subject of
thermogenesis and its role in pollination has been
reviewed in great detail by Mayo (1986), Grayum
(1990), and Bay (19951996]).
 The exact role that thermogenesis plays in the
pollination of Philodendron is still poorly known,
and rather few plants have leen studied on an ex-
perimental basis. Despite ils probable occurrence
in ail Philodendron species. thermogenesis has thus
been documented only for P selloum K. Koch and
P bipinnatifidum, now considered by Mayo (1991)
to be synonymous. My own measurements with a
recording thermometer on P glanduliferum and P
advena in the field in Chiapas, Mexico, indicated
a definite heating during the early evening hours,
usually peaking between 18:00 and 19:00 hours.
 The site of the heat production on the spadix is
another possible difference between P subg. Me-
conostigma and P     subg. Philodendron. Mayo's
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(1986) investigations on P. subg. Meconostigma in-
dicated that heat production was centered in the
sterile staminate section of the spadix. In P. subg.
Meconostigma, that section is as large as or larger
than the fertile staminate part of the spadix, a sit-
uation unknown in P subg. Philodendron where the
staminodial segment is always a small percentage
of the total spadix.
  Contrary to Mayo, Leick (1916) reported that
heating took place in the "middle and upper part"
of the spadix in P. selloum, presumably implying at
least a part of the fertile staminate portion. Con-
curring with this view, Ron Weeks (pers. comm.)
reported that a perceived temperature rise occurred
in both the sterile and fertile staminate spadix por-
tions of those species of P subg. Meconostigma that
he studied. Mayo (1986) theorized that, because of
the major morphological differences in the relative
lengths of the sterile and fertile staminate portions
of the spadices, the two subgenera would likely
have different thermogenetic pattems.
  In the Central American Philodendron species
observed by the author, the spathe opens broadly
late in the afternoon of the first day of flowering; it
closes slightly the moming after the first night of
anthesis. The evolutionary significance of this slight
closure is uncertain but, even in the most extreme
cases, it occludes only the pistillate portion. The
spathe continues to close on the evening of the sec-
ond day after having been open for about 24 hours
(see discussion below). The beetles, which gener-
ally enter the spathe on the first night of opening,
spend about 24 hours in the spathe tube. This sec-
ond partial closing process usually corresponds
with staminal dehiscence. The now crowded con-
dition of the spathe tube, and the probable desire
on the part of the beetles to seek a new food source
with the onset of dusk, encourages the beetles to
leave the inflorescence. The beetles emerge from
the spathe tube by either climbing up the side of
the spadix or up the inside wall of the spathe. By
the Lime they emerge from the spathe, it is quite



constricted and they must squeeze through the con-
striction which fits rather tightly around the spadix
just above the sterile staminate portion. In order to
depart the beetles must literally crawl through the
copious strands of pollen that emerge from the api-
cal pores of the stamens. The constriction of the
spathe and its corresponding constricted area on
the spadix help to insure that most of the pollen
that falls into the spathe tube accumulates and is
carried forward and out of the spathe by the de-
parting beetles. Araceae pollen is not very tacky
and probably does not adhere well to the smooth,
hard surfaces of the beetles. However, the beetles
 
 
themselves are usually quite sticky from the sugary
secretions of the styles and especially from the res-
in, which arises usually from the inner surface of
the spathe or sometimes from the spadix itself (Fig.
128). Once the beetles have emerged they fly off in
search of another place to spend the night, usually
another open inflorescence. The beetles apparently
have a keen perception of infra-red radiation or of
scent because they are often seen in a "homing-in"
pattern, which is quite direct to the next available
inflorescence (John Rawlins, pers. comm.). Gotts-
berger and Silberbauer-Gottsberger (1991) reported
that beetles flew in a zig-zag pattern toward the
center of fragrance concentration, indicating that
they were very sensitive to the aroma being pro-
duced. They also reported that once the beetles
were within sight of the inflorescence they shifted
to a straight line of flight until they hit the inner
surface of the spathe blade, whence they moved
into the lower portion of the spathe. Gottsberger
and Silberbauer-Gottsberger (1991) have proven
experimentally in the case of P bipinnatifidum (a
member of P subg. Meconostigma) that the beetles
use only visual references for location as they near
the inflorescence. Shelter, warmth, food, and cop-
ulation are the driving forces behind this pollina-
tion strategy, and although selectivity is not perfect
in such beetle-pollinated systems (Young, 1986,
1988a) fruit-set in undisturbed populations is high.
The precision and high degree of synchrony of ther-
mogenesis gives evidence of a highly evolved sys-
tem of pollination.
  Even though all detailed observations thus far
have been made with P bipinnatifidum, there is
considerable confusion regarding the results. Hor-
ticulturist Ron Weeks (Homestead, Florida) report-
ed (pers. comm.) that three members of P subg.
Philodendron, P. bipinnatifidum, P. speciosum
Schott, and P. williamsii Hook. f., showed no vari-
ation in the schedule of spathe opening, the capa-
bility of the plants being hand-pollinated on the
first evening of opening, or in the shedding of pol-



len on the evening of the second day. On the other
hand, he reported that P eichleri Engl. showed
great variation in opening periods, temperature
changes, fragrance, and pollen shed, perhaps owing
to weather conditions. Scientific studies carried out
on other plants in P. subg. Meconostigma showed
considerable variability. Four separate and conflit-
ing reports were made on material determined as
belonging to P bipinnatifidum in Brazil. Warming
(1867, 1883) reported a two-day pollination event
with two heat peaks (early evening and late morn-
ing, respectively) with the spathe closing thein -
opening during the first night. Gottsberger an
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Amaral (1984) reported on two plants, one as P.
selloum (now considered to be a synonym of P bip-
innatifidum) with a three-day pollination event with
two unequal early evening heat peaks, and one as
P bipinnatifidum with a four-day pollination event
with three unequal early-evening heat peaks. The
spathe was not reported to close during the event.
Confirming the complexity of the thermogenesis
riddle is the fact that Seymour et al. (1983), study-
ing a cultivated but similar plant believed to be the
same species (Mayo, 1986), found both types of
pollination events that had previously been de-
scribed by Gottsberger and Amaral but this time in
a single plant. Clearly more investigation must take
place, at least in P subg. Meconostigma, to deter-
mine the pollination behavior.
  Leick (1916), reviewing work done by Kraus
(1894, 1896) with P bipinnatifidum, a member of
P subg. Philodendron from Venezuela, reported a
two-day pollination event with temperature peaks
in the evening of two consecutive days. While it is
not certain that most Central American Philoden-
dron have an elevated temperature on two consec-
utive days, the general pattern of opening and clos-



ing of the spathe and the beetle visitation in P.
bipinnatifidum would appear to match the events of
Central American species observed in the field and
under greenhouse conditions at the Missouri Bo-
tanical Garden. Further detailed studies of this
phenomenon, including a much broader survey of
Central American species, will be carried out by
my student, Jane Whitehill, during graduate studies
at the Missouri Botanical Garden.
 Grayum's (1996) observations with Philodendron
subg. Pteromischum showed a similar pattern, with
most species having the spathe beginning to loosen
by early afternoon and being fully open by mid-
afternoon. He reported that for the species of P
subg. Pteromischum he observed, the pollinators
appeared at the opened inflorescence during a rel-
atively brief time, usually between 19:00 and 19:
15 hours. An important feature in the pollination
story reported by Grayum (1996) for the first time
is that resin secretion from the inner spathe surface
does not begin until 21:00 to 22:00 hours on the
first day of anthesis, and that it then continues until
the end of anthesis.
 Once opened, the spathes of P subg. Philoden-
dron apparently remained open during the night
and were always open the next morning al the be-
ginning of day two, remaining open during the
course of most of the day. During the latter part of
the samne day, usually in late afternoon of day two,
the spathe began to close and pollen hegan to shed
in long filaments. The spathe did not fully close at
 
 
this time but remained open near the apex. It re-
mained in this condition into the beginning of the
evening of day two. By the beginning of day three
the spathe was generally fully closed, and the only
evidence that it had ever opened was often some
loose pollen remaining on the closed edges of the
spathe. In addition, the closed spathe is somewhat
less turgid than before anthesis, somretimes allow-
ing it to be forced open without breaking the mar-
gins of the spathe. Doing the same with an uno-
pened spathe is impossible without breaking the
stiff and brittle spathe margins.
  The entire pollination episode usually requires
little more than 24 hours, counting just the time
that the beetles are present. The time that the
spathe is to any extent open could be as much as
8 hours longer, since it may open late in the after-
noon and remain open for some hours after the pol-
len has been shed. Grayum (1996) reported that for
the species of P. subg. Pteromischum studied in
Costa Rica the average pollination event required
about 30 hours (i.e., from spathe opening to clos-
ing).
 That the intensity of light must play an important



role in flowering behavior is indicated by the fact
that on cloudy days spathes in cultivated collec-
tions open earlier than usual, sometimes as early
as noon on day one of the flowering sequence. This
may support the argument of Buggeln et al. (1971)
that darkness induces opening of the spathe and an
elevated respiration rate in Sauromatum venosum
Kunth.
 Armbruster (1984), studying the role of resin in
angiosperm pollination, has questioned the efficacy
of floral resin in the transport of pollen, citing its
possible toxicity and the diffitculy of transporting
pollen embedded in resin. While he stressed the
role of resin for other purposes, nainly in nest-
building by bees, it must be pointed out that bees
which use resin for nest building play no role what-
ever in Philodendron pollination. In contrast, the
general availability of resin, itfs close association
with pollen delivery, the non-tacky nature of Philo-
dendron pollen, and the availability of resin only at
anthesis ail point to a strong role for resin in Philo-
dendron pollination. In species with resiniferous
spadices (Fig. 128), the pollen is shed with and
incorporated in the resin from the moment of theca
dehiscence. Alternatively, species that lack stami-
nal resin and instead have resin only on the inner
spathe surface have pollen presented as slender fil-
aments.
  Breeding studies (see section on Breeding Be-
havior) have shown that Philodendron species have
few if any genetic barriers to cross-pollination, ow-
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ing perhaps to the fact that there are other physical
and temporal barriers to self-pollination. Even
when two species of Philodendron are in flower si-
multaneously, there are other parameters that effect
separation. Beetles tend to fly at certain elevations
above the ground (Schatz, 1990), helping to prevent
cross-pollination of species that flower at different
strata. In addition, specific attractants, i.e., species-
specific pheromones, may exist in some species that
attract principally a single beetle species (H.



Young, pers. comm.). The sloppiness in the system,
when it occurs, is owing to opportunistic beetle vis-
itors (G. Schatz & H. Young, pers. comm.), and this
might produce some hybridization.
  Perhaps because of the substantial barriers al-
ready present, Philodendron appears to have de-
veloped the ability to cross between sections. In
Anthurium, relatively little cross-breeding was pos-
sible between different sections in the genus (Croat,
1991). In contrast, quite unrelated species of Philo-
dendron, even species in different sections, readily
cross-pollinate and produce intermediate offspring
(Keith Henderson, Cairns, Queensland, Australia,
pers. comm.). For this reason pre-zygotic separation
may be critical to maintaining distinct species
lines. The pollinators of Philodendron, dynastine
scarab beetles, are for the most part not very spe-
cies-specific and frequently switch from one spe-
cies to any other in flower at the same time. Not
only will some species of beetles switch from one
Philodendron species to the next, as is known for
certain in Dieffenbachia (Young, 1986), but some
individuals will also switch to another genus. For
example, beetles that regularly visit D. longispatha
Engl. & K. Krause at La Selva may visit P gran-
dipes, another species that is terrestrial and about
the same height above the ground (G. Schatz & H.
Young, pers. comm.). Beetles are also reported to
move from Dieffenbachia longispatha to Xanthoso-
ma undipes (K. Koch & Bouch) K. Koch. Some
individuals of beetle species that regularly visit D.
longispatha will even switch to Cyclanthus bipar-
titus Poit. (Cyclanthaceae). Schatz believes that this
is owing to the fact a small component of the pher-
omone emitted by Cyclanthus Poit. ex A. Rich is
the principal component of the scent given off by
Dieffenbachia longispatha. He believes that during
the end of the flowering season of Dieffenbachia and
the beginning of the flowering season of Cyclanthus
some confusion occurs in the pollinators' behavior.
  The unpublished observations of G. Schatz and
H. Young (pers. comm.), and the published results
reported by Helen Young (1986, 1988a, 1988b)
principally for Dieffenbachia, probably are compa-
rable to what is happening in Philodendron. Beetles
 
 
that visit any particular species of Dieffenbachia are
often predominantly of one species, but they are
often accompanied by other opportunistic beetles.
Schatz believes that these opportunistic species are
not likely to be effective pollinators, since they are
so catholic in their tastes that they are not likely
to make their next visit to a receptive Dieffenba-
chia. Likewise, Helen Young (Young, 1988a) indi-
cated that the most common species of beetles are
not the most effective pollinators. However, they



may be responsible for the occasional hybrids seen
in Dieffenbachia, at La Selva, where the studies of
both Schatz and Young were carried out. The pol-
lination system described for Dieffenbachia by
Young and Schatz is apparently similar to that of
Philodendron. Schatz (pers. comm.) reported that
while one undescribed beetle species (determined
as Cyclocephala ampliata by H. Young), was found
to visit only Philodendron radiatum, it was accom-
panied occasionally by another more opportunistic
species. Despite the presence of opportunistic
beetle species, some beetle pollinators of Philoden-
dron species are probably much more species-spe-
cific. For example, Grayum (1996), citing unpub-
lished data collected by George Schatz, reported
that two unrelated species of Philodendron subg.
Pteromischum were pollinated by the same species
of beetles, and that both Philodendron species have
floral odors featuring the same two principal com-
ponents. This leads to the conclusion that there is
a degree of specificity among pollinators for certain
species based on their floral odors. In addition, in
the list of pollinators known for P subg. Philoden-
dron (see Table 3), only three Philodendron species
were observed to have more than a single species
of beetle present at any one time. In each case, two
species of beetles were present. As can be seen
from P grandipes (Table 3), the beetle species need
not always be the same. Though more studies must
be made on pollination biology of Philodendron,
and even though the beetle pollination system is
somewhat sloppy and imprecise, a combination of
a moderately strong beetle-plant specificity, cou-
pled with severe phenological constraints and nar-
row windows of pollination opportunities (perhaps
as little as a few hours per year), works to reduce
interspecific hybridization. Although hybrids can
be readily produced under greenhouse conditions,
evidence for hybridization is not usually apparent
among wild populations.
 
 
BREEDING BEHAVIOR
 
 In comparison to Anthurium, where breeding
studies were easy to conduct (Croat, 1980, 1983a,
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1986a, 1991), Philodendron pollination was diffi-
cult. Cross-pollination attempts were easy in An-
thurium owing to their hermaphroditic flowers and
because plants often had several inflorescences per
plant in different stages of development. In addi-
tion, the plants reached anthesis during the day
when greenhouse personnel and volunteers were
available to make cross-pollinations. In Philoden-
dron, the number of inflorescences available was
always fewer than in Anthurium; Philodendron
sometimes produced only a single inflorescence per
season. In addition, Philodendron was very season-
al in its flowering behavior (unlike Anthurium,
which sometimes flowered all year), making polli-
nation ail the more difficult. When flowering did
occur it was often unexpected since it is difficult
to tell when the spathe is ready to open. Moreover,
the spathe generally opens for one day only. Open-
ing usually took place late in the afternoon after
greenhouse personnel left. Even if the opening in-
florescence was found in time, it was generally im-
possible to find another plant with fresh pollen to
use for purposes of experimental crosses. Philoden-
dron pollen does not remain viable very long,
though it can be kept viable for a time in glassine
envelopes. Ron Weeks, a grower from Homestead,
Florida, reports (pers. comm.), that he stores pollen
in film canisters at refrigerator temperatures and
that it remains viable for several weeks. He also
reports that inflorescences cannot be pollinated af-
ter the first evening they open. After the spathe
opens (generally late in the day) it is only during
the evening and night of the first night that the
pistillate flowers are believed to be receptive. At-
tempts to pollinate plants with their own pollen
have always failed if one waits until the pollen
emerges. It should be noted, however, that Grayum
(1996) reported that, based on the use of peridoxase
paper, which purportedly indicates the receptivity
of stigmas (Young, 1986), the stigmas were recep-
tive for up to 24 hours after anthesis. Though it
seems unlikely that pistillate flowers are receptive
after the first evening of anthesis, the pistillate flow-
ers are receptive for an unknown period of time
before the spathe opens, so that most successful
pollinations usually involved cutting a hole in the
spathe after obtaining very fresh pollen from a plant
in the staminate phase of flowering. Though one can
completely remove the spathe then protect the de-
veloping pistils with a plastic bag, it is better to



simply cut a window in the spathe large enough to
see most of the spathe. Then with a small brush
one can spread pollen over as many of the pistils
as possible, again covering the spathe for a time
with a plastic bag to insure that the pollen does not
 
 
dry out and fail to germinate. An effective means
of spreading the pollen to insure adequate and uni-
form coverage is to mix the pollen with water.
  Failure to remove or at least loosen the bag used
to cover the pollinated spadix later may resuit in
mold developing in the spathe. Unpollinated inflo-
rescences usually fall off within a week or two. Ron
Weeks (pers. comm.) reported that for P subg. Me-
conostigma in Florida the unpollinated inflores-
cences may persist for up to a month. Development
time for fruits ranges from only a few weeks or more
generally a few months and sometimes nearly a
whole year. Ron Weeks (pers. comm.) reports that
in P subg. Meconostigma fruits ripen in South Flor-
ida in 2.5 to 3 months.
 
PHENOLOGY
 
  Based on a field-oriented study of phenology and
pollination behavior carried out at La Selva in He-
redia Province, Costa Rica, Grayum (1996) report-
ed species of P subg. Pteromischum flowered for
periods of 4-8 weeks. Obviously, since most mem-
bers of P subg. Pteromischum have only one or two
inflorescences per axil, vs. sometimes 4 or more for
P subg. Philodendron, the flowering episodes of the
latter might be longer than two months. The flow-
ering events, however short or long, are not nec-
essarily the same year after year. I suspect that, like
understory vegetation (Croat, 1975), their flowering
phenology may be affected by the onset of the rainy
season.
  Based primarily on a phenological survey of her-
barium collections, flowering (and to a lesser extent
fruiting) behavior has been studied here for Central
American species of P subg. Philodendron. These
studies resulted in a phenological statement for
each species. This statement follows the description
of each species as a part of the discussion. Some
general comments regarding phenology are impor-
tant.
  In studying herbarium material for phenological
variation it is often difficult to determine the exact
state of the inflorescence. However, with experience
it is relatively easy to distinguish inflorescences
that have never opened, i.e., pre-anthesis, from
those which have already opened. Spathes that
have never opened are very tightly closed, whereas
those that have already undergone anthesis are not
so tightly closed. By dissecting the spathe one can



quickly determine if the pollen has emerged. If so,
the spathe has already opened and reclosed over
the spadix.
 Spadices at anthesis when they are collected are
usually easy to discern as well because they are
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typically opened when pressed. It is difficult, how-
ever, to easily predict the age of an inflorescence
beyond anthesis and before swelling due to the en-
largement of the pistils. Since an inflorescence at
anthesis is rare (open less than 24 hours), while
every successfully pollinated inflorescence persists
for one to many months, there will always be many
more collections with "post-anthesis" inflorecences
than those described as "in flower."
  Central American members of P. subg. Philoden-
dron fall into several phenological groups. Ail of
these categories can have variations, and flowering
is rarely consistent throughout any period. Some
categorizations are tentative, as listed in Appendix
4, "Phenological Patterns of Central American
Philodendron subg. Philodendron."
  The flowering patterns of Central American
members of P. subg. Philodendron are as follows:
 
A. FLOWERING IN DRY SEASON AND WET SEASON
  This is the largest flowering category among Cen-
tral American P subg. Philodendron. A total of 47
species fall into this category, including P. fragran-
tissimum, P panamense, P sagittifolium, P gran-
dipes, P pterotum, and P radiatum. Although these
species begin flowering during the dry season, the
dry season rarely constitutes the period of greatest
flowering activity (except perhaps in the case of P.
hederaceum, a species which though apparently
flowering all year and thus aseasonal appears to
have more flowering collections made during the
dry season than at any other time of the year). Low
flowering activity is particularly characteristic of
species inhabiting regions of Tropical moist forest
or other areas where marked seasonal changes are



apparent and affect the availability of beetle polli-
nators.
  Those species occurring in cloud forest habitats
(usually Premontane rain forest or Lower montane
wet forest) also seem to have more flowering in the
rainy season even though they are more apt to be
in flower in the dry season than their Tropical moist
forest counterparts.
  Though perhaps it is merely a matter of poor
sampling, species more common, widespread, or lo-
cally abundant tend to have flowering seasons that
extend from the dry season to the wet season,
whereas rare species seem much more likely to
have flowering restricted to either the dry or the
wet season.
 
B. FLOWERING ONLY IN WET SEASON
  This is the second largest flowering category,
comprising 30 species (32 taxa) believed to flower
 
 
exclusively in the wet season (roughly between May
and December in Central America). They represent
largely rare or narrowly distributed species for the
most part and are often species that inhabit the
wettest and frequently the coolest forest types such
as Tropical wet forest, Premontane wet forest, Pre-
montane rain forest, and Lower montane wet forest.
Examples of species in this flowering type are: P
albisuccus, P antonioanum, P chiriquense, P. co-
loradense, P correae, P cotobrusense, P. dominica-
lense, P. dodsonii, P. ferrugineum, P gigas, P. ham-
melii, P jefense, P. madronense, P niqueanum, P.
pirrense, P. purulhense, P squamicaule, and P. ubi-
gantupense.
  Not ail species that flower exclusively in the wet
season occur in very wet or cool forest. A few spe-
cies flower only in the wet season because the dry
season in the region where they occur is often too
severe, perhaps so severe as to limit the beetle pol-
linators. These include several Mexican species,
e.g., P basii, P breedlovei, P. dressleri, and P. sou-
sae.
 
C. FLOWERING ONLY IN DRY SEASON
  One of the most unusual flowering categories,
and a relatively small one with only 7 species, is a
group believed to flower only during the dry season
(January to April in Central America). This group
is diverse and difficult to characterize. Some of the
species, such as P. bakeri, P. brewsterense, P. chir-
ripoense, P edenudatum, P. folsomii, and P. knap-
piae, occur in wet to very wet areas, some in areas
where weather conditions are so bad in general dur-
ing the rainy season that it may be more efficient
to compete for pollinators during the dry season
(which would not be very dry in any event). Philo-



dendron dwyeri is unusual in that it flowered at the
beginning of the dry season in an area that in gen-
eral is quite arid in this season. It is known from
only a single individual and may have represented
an unusual, out-of-phase flowering.
 
D. FLOWERING ALL YEAR
  Species that flower aseasonally are usually coi'
mon species such as P. hederaceum (though it ap-
parently flowers more frequently in the dry season)
and P. jacquinii (which is also often edaphically
versatile or less subject to the pressures of the en-
vironment). Though not as widespread as the tWO
aformentioned species, P advena, another mener
of this group, is a tough, highly variable and eco-
logically adaptive species. Philodendron purpureo-
viride has much the saine edaphic preferences as
P. hederaceum, although it is much less widesprea'd
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Both are highly adaptable, scandent species. Philo-
dendron hederaceum, though flowering ail year, is
even more commonly in flower in the dry season
than in the wet season. Philodendron radiatum,
also a member of this group, is as widespread and
even more common than P hederaceum.
 
E. FLOWERING BIMODALLY
 
  Based on the historical record of herbarium col-
lections, only a few species are expected to flower
twice per year. This pattern may be much more
common and simply masked by the year-to-year
variation in flowering behavior. Grayum (1996) re-
ported bimodal flowering to be common with P.
subg. Pteromischum. He indicated that the two
modes were quite unequal, that one of them in-
volved far fewer individuals and lasted for a shorter



period of time. Among species of P subg. Philo-
dendron, P aromaticum appears to flower in the
mid-dry season and mid-wet season. It is possible
this species is just too poorly known to determine
its phenology. Philodendron morii may also flower
bimodally, with flowering collections seen in March
and November, and with immature fruiting collec-
tions in December, February, and June. Philoden-
dron wilburii appears to flower at the beginning of
the dry season and primarily later at the beginning
of the rainy season.
 Several species are poorly known phenologically
because of sparsity of flowering collections: e.g., P.
dominicalense, P niqueanum, and P ubigantupense
(ail seen in flower only once during the early rainy
season). All of these are assumed to be species that
flower entirely during the rainy season.
 
 Fruiting phenology in Philodendron subg. Philo-
dendron is too poorly known to report on here. Most
species appear to develop fruits from between one
and four months after the time of pollination, de-
pending on the size of the infructescence, but too
few mature fruting collections were observed to de-
termine the phenological period. Fruit development
time is affected by the size of the infructescence.
Species with small spadices, such as P heleniae,
produce mature berries faster than species with
larger spadices.
 
CYTOLOGY
 
 No karyological studies were made for this revi-
sion, but Petersen (1989) reviewed ail chromosomal
literature and made new studies. The chromosomes
of P subg. Philodendron are small, with counts of
2n = 30, 32, 34, and 36 (rarely 26 and 48). Petersen
(1989) speculated that the base number for the ge-
 
 
nus is 18. Very few of the 29 species (other names
were synonyms or hybrids) for which chromosome
counts have been reported are members of the genus
from Central America. Those Central American spe-
cies for which chromosome counts have been re-
ported are: P radiatum 2n = 32, P microstictum (as
P pittieri) 2n = 34, P verrucosum 2n = 34, and P
hederaceum (as P scandens) 2n = 36. Philodendron
wendlandii was counted at 2n = 54, but Petersen
believed this to be either an error in counting or not
a Philodendron.
 
GEOGRAPHICAL DISTRIBUTION AND ENDEMISM
 
  The Philodendron subg. Philodendron flora in
Central America is diverse but heavily concentrat-
ed in the southeastern part near South America.



Despite this, relatively few Central American spe-
cies actually enter South America. Most species
that do enter the South American continent range
along the Pacific slope into northwestern Colombia
and Ecuador, with relatively few occurring east of
the Andes and even fewer entering the Amazon ba-
sin.
  As was shown for Anthurium (Croat, 1983a,
1986a, 1986b), species diversity of P subg. Philo-
dendron shows a general diminution from Mexico
to Middle America, followed by a marked increase
approaching South America (Appendix 3, "Section-
al Classification of Philodendron"). Distribution of
Philodendron in Central America is as follows:
Mexico has 21 taxa, Guatemala 15, Belize 9, El
Salvador 5, Honduras 13, Nicaragua 18, Costa Rica
48, and Panama 82. Thus species diversity is great-
est in Costa Rica and Panama, with 46% and 79%
of the total Central American species, respectively.
Collectively the number of species in these two
countries comprises 90% of the species total.
  Fifty-three species (58 taxa) of P subg. Philo-
dendron (nearly 59% of the total) are endemic to
Costa Rica and Panama. Endemism is particularly
high in Panama, where 38 taxa (34 species) of 81
(47%) are endemic. In Costa Rica 7 of 47 taxa (46
species) (15%) are endemic. Costa Rican endemics
are: P aromaticum, P auriculatum, P chirripoense,
P cotobrusense, P dominicalense, P microstictum,
and P wilburii var. wilburii. Mexico has a higher
rate of endemism, with 7 of 21 (20 species) (33%)
endemic. Mexican endemics are: P basii, P breed-
lovei, P dressleri, P radiatum var. pseudoradiatum,
P hederaceum var. oxycardium, R sousae, and P
subincisum. In Middle America little endemism oc-
curs. With the exception of Belize, which has one
endemic (P dwyeri), no other country in Middle
America has any endemic species.
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 The distribution of Central American Philoden-
dron reflects the trend for endemism in the genus.
Only 27 species (28 taxa) (a total of 26% of ail



Central American species of P subg. Philodendron)
range into South America, eight (7% of the total)
only to Colombia (Appendix 1). These are: P. he-
leniae, P immixtum, P. ligulatum var. ligulatum, P.
malesevichiae, P mexicanum, P. pseudauriculatum,
R radiatum var. radiatum, and P. squamicaule.
  Sixteen Central American taxa occur in Ecuador
(Appendix 1), ail but two (P brevispathum and P.
jacquinii), ranging along the Pacifie slope of the
Andes. These are: P brunneicaule, P dodsonii, P.
grandipes, R hebetatum, P platypetiolatum, P. pur-
pureoviride, P hederaceum var. kirkbridei, R hed-
eraceum var. hederaceum, P squamipetiolatum, P.
scalarinerve, P squamicaule, R tenue, R triparti-
tum, and P verrucosum. Of these 14 taxa, 1, P.
hederaceum var. kirkbridei, skips Colombia or has
not yet been collected there. Philodendron dodsonii
is particularly unusual in being absent from Pan-
ama.
  Eight Central American species, P brevispathum,
P fragrantissimum, P hederaceum, P jacquinii, P.
jodavisianum, P sagittifolium, P strictum, and P.
tenue, range to Venezuela. The ranges of P brevis-
pathum, P. fragrantissimum, and P. hederaceum
also extend into the Amazon drainage, while the
others occur either on the northern slope of the
coastal cordillera or otherwise in the drainage of
the Orinoco River Basin. Curiously only four spe-
cies, P brevispathum, P. fragrantissimum, P. hed-
eraceum, and P verrucosum, occur in the Amazon
drainage. Three additional species, P jacquinii, P.
strictum, and P tenue, occur east of the Andes, but
only along the Cordillera de Mrida, the Cordillera
de la Costa or the northern part of the Guiana High-
lands and within the drainage of the Rfo Orinoco.
   The only truly widespread Central American
species of R subg. Philodendron is P. hederaceum,
which occurs virtually throughout the Neotropics,
and is one of only two species (the other being P.
verrucosum) that occurs on both slopes of the An-
des. Philodendron fragrantissimum is probably the
next most widespread species, ranging from Belize
to the West Indies and into South America to the
Guianas, northern Brazil, and to southern Peru.
   Further collecting in Colombia, especially along
the western slope of the Andes, will probably
change these statistics but the figures most likely
reflect the realities of life zone ecology and geologic
history of the area rather than under-collecting.
Since relatively few species of Araceae are known
to occur at lower elevations on both the eastern and
western side of the Andes, it can probably be pre-
 
 
sumed that the evolution of the respective Amazo-
nian and Pacifie coastal floras occurred indepen-
dently after the Andes began to arise toward the



end of the Cretaceous (Raven & Axelrod, 1974).
The relatively few truly wide-ranging species, i.e.,
those ranging from Mexico to Brazil, appear to at-
test to this isolation. In Central America only one
species, P. hederaceum, really falls into such a cat-
egory, and it is also common in the West Indies
indicating that it may have an ancient origin (or be
easily dispersed). The high rates of endemism in
Costa Rica, Panama, and Mexico perhaps reflect
the isolation of these areas during periods when the
oceans were at much higher levels than they are
today and when the area that is now central Panama
and Costa Rica was disconnected from South Amer-
ica. Much of the present area of Central America
was submerged during early times. At the close of
the Tertiary, 800,000 years ago, sea level was about
100 m higher than today (Holmes, 1969). The land
mass of what is now Central America began to
emerge as a series of islands during the Oligocene
with further uplifting during the Middle Miocene.
It was not until the Upper Miocene and Pliocene
that the final portions of the isthmus of Panama
emerged above sea level (Torre, 1965), and the final
connection of Central and South America was made
about 5.7 million years ago. In order to place these
geological events in relation to the modem aroid
flora, it should be noted that even during this era
precursors to the existing flora probably already ex-
isted, since the angiosperm floras of the Oligocene
were believed to have consisted almost entirely o
existing genera, and the floras of the Oligocene and
Pliocene probably already had existing species
(Takhtajan, 1969).
  Just as important as geology, from the standpoint
of the isolation of the Central American aroid flora,
are ecological factors that would cause Central
American species to be isolated from those of South
America. Much of eastern Panama consists ofbroa
expanses of Tropical moist forest with other, gener
ally smaller areas of Premontane wet and Tropical
wet forest. In contrast to Panama, much of the area
of northwestern Colombia in the Department o
Choc consists of much wetter pluvial forest Wlth
annual precipitation often exceeding 11,700 nn m
some parts of the region (Gentry, 1982). This broad
band of pluvial forest with its own suite of unique
endemic species no doubt acts as a barrier for spe-
cies from regions with lesser rainfall amounts. I'
probably also accounts for the Panamaianian
Costa Rican species that skip the wettest areas
northwest South America but recur in the relatively
drier areas of mesic western Ecuador.
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 Just as the Central American P subg. Philoden-
dron flora is rather isolated from that of South
America, there is a certain amount of isolation
within different parts of Central America. In com-
parison to Mexico and Costa Rica/Panama, Middle
America (Appendix 1) has low species diversity,
with Guatemala having only 15 species, Honduras
13 species, and Nicaragua 18. Most of the species
in Honduras, excepting P. anisotomum, P. mexican-
um, and P warszewiczii, are shared with Nicaragua
(see Appendix 1). Nicaragua has eight additional
taxa not shared with Honduras: P. brevispathum, P.
grandipes, P. immixtum, P. ligulatum var. ligula-
tum, P platypetiolatum, P. pterotum, P. tenue, and
P wendlandii. Ail of the latter are shared with Cos-
ta Rica and Panama. Guatemala shares only about
half of its species with Honduras and Nicaragua,
namely P. fragrantissimum, P. jacquinii, P jodavi-
sianum, P. radiatum, P. sagittifolium, P smithii,
and P. tripartitum. Its other species are shared only
with Mexico (or rarely with Costa Rica and Panama,
e.g., P. mexicanum). These are: P. advena, P. ani-
sotomum, P glanduliferum, P mexicanum, P. pu-
rulhense, P. verapazense, and P. warszewiczii.
 The low species diversity and the very low en-
demism in Middle America are perhaps explained
by the fact that Central America is rather more re-
mote from existing large land masses to the north
and the south, leaving it isolated from the indepen-
dent evolution that must have been taking place in
both of these larger areas (see below for a discus-
sion of the possible origins of the respective species
in Central American Philodendron). There is strong
evidence, at least based on the distribution of mod-
ern aroid species, that the northwestern part of
Middle America may have been isolated from Costa
Rica by the San Juan Depression. Many of the spe-
cies that occur in Costa Rica or Panama enter into
Nicaragua in only a small area in the southeastern
part of the country. Although the contemporary flora
of Guatemala does not reflect isolation from Mexico



to the same degree, it is possible that the more
elevated portions of Guatemala, Nicaragua, and
Honduras were isolated from major portions of
Mexico at the Isthmus of Tehuantepec.
 Certainly the Mexican aroid flora appears to be
quite isolated, even when compared to the western
parts of Middle America (here defined as Guate-
mala to Nicaragua). Mexico, in addition to having
one-third of its species endemic, has relatively few
species of Philodendron that range throughout Cen-
tral America. Aside from the aforementioned P.
hederacewn, only P jacquinii, P. jodavisianum, P.
radtumrn, P satutifoliumn, and P tripartitum range
to northern South America. Two additional species,
 
 
P. anisotomum and P. mexicanum, range as far as
Panama. Several taxa, P advena, P. glanduliferum
var. glanduliferum, and P. verapazense, range only
to Guatemala. Philodendron purulhense and P war-
szewiczii range to Honduras, and P. smithii ranges
to Nicaragua.
  Taken together, Honduras and Nicaragua have
21 species of Philodendron. Of these, 8 species, P.
advena, P. anisotomum, P. mexicanum, PJ radiatum,
P sagittifolium, P. smithii, PJ tripartitum, and P
warszewiczii, appear to bI of Mexican origin, or in
the case of the more widespread and variable spe-
cies, namely P. radiatum, P sagittifolium, and PJ
tripartitum, they may have originated in Panama or
Costa Rica and ranged to both Mexico and South
America. Certainly, in termns of morphological vari-
ation, ail of these species are much more variable
in Panama and Costa Rica than they are further
north. Philodendron jacquinii has a circum-Carib-
bean distribution, indicating that it may be of West
Indian origin. It is difficult to determine the origin
of P. hederaceum given its extensive distribution.
Three species, P. brevispathum, P fragrantissimum,
and P. tenue, probably originated in South America
considering their widespread distribution there.
Philodendron platypetiolatum, ranging from Ecua-
dor and barely entering Nicaragua, may be another
South American derivative. The remainder, P an-
gustilobum, P. grandipes, P immixtum, P. jodavi-
sianum (ranging barely to Chiapas and rare there),
P ligulatum var. ligulatum, P. pterotum, P rotlhs-
chuhianum, and P. wendlandii, are probably of
Panamanian or perhaps Costa Rican origin.
 The Costa Rican and Panamanian species not
already discussed above appear not to have strong
affinities with South American species, and clearly
did not originate in areas of Middle America. Much
of the flora of adjacent Nicaragua is closely related
to that of Costa Rica. Except for those rather wide-
spread species mentioned above, i.e., P. breri.a-
thum, P. fragrantissimum, and P tenue, as well as



P. platypetiolatum (already discussed), there are
relatively few species likely to be of South Ameri-
can origin. Philodendron errueosum is almost cer-
tainly a South American species. since il is rela-
tively widespread there, occurring on both sides of
the Andes. In addition, it seems to have more re-
lated species in parts of South America especially
in the Andes of western Colombia.
 Philodendron dodsonii, which occurs in Ecuador
but not Colombia, is just as likely to have origi-
nated in South America as in Central America. The
same is true of P. strictum, which is known from
eastern Venezuela and has relatives in the Andes
of central Colombia, as well as P hbehertum, which
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is rather widespread in western South America as
far south as Ecuador. Moreover, the latter appar-
ently does not even reach Costa Rica, making the
case for a South American origin even more likely.
  Philodendron grandipes, known from western South
America as far south as Ecuador, might conceivably
be of South American origin despite being very wide-
spread and common as far north as Nicaragua. More
probably of South American origin is P heleniae,
which is common in Colombia and ranges only to
western Panama. Moreover, it seems to have a close
relative on the eastem slopes of the Andes.
  Three species with scaly parts, P malesevichiae,
P squamicaule, and P. squamipetiolatum, are mod-
erately rare in Panama, and though ail are still
poorly known in Colombia, they are more likely to
have originated in northwestern Colombia where
there are several other relatives with scaly parts.
  Some taxa, such as P. ligulatum var. ligulatum,
P pseudauriculatum, and P. scalarinerve, either
barely enter Colombia or are rare there and are
more likely therefore to have originated in Central
America. Ail the remaining species of P subg.
Philodendron occur in Panama or Costa Rica, with
11 species shared between the two countries.
 



TAXONOMIC TREATMENT
Philodendron ("Philodendrum") Schott, Wiener
    Z. Kunst. 1829: 780. 1829, nom. et orth. cons.
    TYPE: P. grandifolium (Jacq.) Schott (Arum
    grandifolium Jacq.)
  Telipodus Raf., FI. tellur. 3: 66. 1836[1837]. TYPE: T.
    grandifolium (Jacq.) Raf. (Arum grandifolium Jacq.)
  Thaumatophyllum Schott, Bonplandia 7: 31. 1859.
     TYPE: T spruceanum Schott
  Elopium H. W. Schott, Oesterr. Bot. Z. 15: 34. 1865.
     TYPE: E. surinamense (Miq.) Schott (Anthurium sur-
     inamense Miq.)
  Baursia T. Post & Kuntze, Lex. gen. phan. 62. 1903.
     TYPE: Caladium bauersii Rchb.
  Appressed-climbing or scandent hemiepiphytes,
sometimes epiphytes or terrestrial herbs (sometimes
stout and arborescent); growth sympodial, aniso-
phyllous, or (more commmonly) diphyllous; trichos-
chlereids absent, biforines and secretion files pres-
ent. Leaves with spiral phyllotaxy; petioles rarely
geniculate, sheath obsolete or extensive; blades
with parallel-pinnate venation, hypostomatic with
stomates paracytic, simple to trifoliolate, pinnatifid,
bipinnatifid, or (rarely) pedately compound. Inflo-
rescence terminal (appearing axillary), solitary to
multiple in leaf axils; spathe enveloping the spadix
and constricted or not, usually persistent: spadix
monoecious, with sterile maile flowers below or both
below and (rarely) above the fertile maile region;
 
 
flowers naked, unisexual. Male flowers with 2-6
free stamens, connective enlarged; anther dehis-
cence by apical slits or pores; pollen inaperturate,
boat-shaped, subisopolar, bilaterally symmetrical,
shed in monads, medium-sized (mean 40 Jxm; range
28-54 JLm), the exine coarsely verrucate to subfov-
eolate or (most frequently) psilate; pollen at anthe-
sis binucleate and starch-bearing. Female flowers
virtually always lacking staminodes, ovary (2--3)4-
6(47)-locular, each locule with axile or (rarely) ba-
sal placentation and (1-)4-51 or more orthotropous
or hemiantropous, endospermous ovules. Fruit a
berry, usually white or orange. Chromosome num-
bers 2n = 30, 32, 34, 36. [Description adapted
from Grayum (1996).]
 
KEY TO PHILODENDRON SUBGENERA
la. Stem of mature flowering plants with a succes-
   sion of many leaves terminated by solitary or
   paired (rarely 3) inflorescences; petioles with
   long sheaths narrowly encircling the stem at
   base, winged to at least midway on adult plants;
   up to 5 leaves produced on the stem between
   each successive inflorescence ...--------
   ................. ....   ......-  subg.  P terom ischum
lb. Stem of mature flowering plants with a succes-



   sion of short sympodial segments each bearing a
   cataphyll and a single leaf with the inflores-
   cence(s) 1 to 10 and appearing to be borne in
   the leaf axils; petioles of leaves of adult plants
   with a short, usually inconspicuous petiole
   sheath borne on the side of the stem, not encir-
   cling it at the base (sometimes fully winged on
   juvenile plants); inflorescences produced with
   each new leaf (though frequently aborted).
   2a. Stems often arborescent, with conspicuous
       leaf scars and frequently interpetiolar scales
       persisting around at least the upper margins
       of the petiolar scars; maile flowers conspic-
       uously elongate, up to 10 times longer than
       wide; staminodial zone between staminate
       and pistillate zones of the spadix subequal
       or longer than fertile zone ...------------
       ---------                subg. Meconostl&g
   2b. Stems rarely arborescent, often scandent,
       stout or siender and with interpetiolar scales
       lacking; male flowers only 2-3 times longer
       than wide; staminodial zone between stami-
       nate and pistillate zones of spadix much
       shorter than the fertile staminate zone --.-
                               --- subg. Philodxdt
 
Philodendron      subg. Philodendron        Schott.
    Philodendron subg. Euphilodendron En,,
    Bot. Jahrb. Syst. 26: 509. 1899. Baursia su
    Eubaursia Kuntze in T. Post & Kuntze, Le
    gen. phan. 62.
 
  Appressed hemiepiphytic climbers or vines with
aerial roots, less frequently terrestrial with cree
rhizomatous or deeply rooted stems, rarely M
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stemmed true epiphytes, rarely somewhat arborescent
in Central America; sometimes with flagelliform
shoots; sap usually tanniniferous and drying dark,
rarely with latex and drying white; stems of mono-



phyllous sympodia with elongated hypopodial inter-
nodes, densely rooted at nodes; internodes often much
longer than broad or about as long as broad, some-
times broader than long at anthesis, sometimes flat-
tened on one side, often coarsely pale-streaked just
below the node, usually green and semiglossy, but
often turning gray-green to brownish or reddish brown
in age; juvenile plants terrestrial or epiphytic and
scandent, the petioles conspicuously sheathed and
subtended by inconspicuous intravaginal squamulae;
cataphylls of mature stems unribbed or variously
ribbed, caducous, marcescent and deciduous or per-
sistent and membranaceous to moderately coriaceous,
remaining intact or more commonly decomposing to
net-like, persistent fibrous reticulum. Leaves usually
long-petiolate; petioles usually with ligulate sheath in
juvenile plants, on adult plants usually sheathed only
at base, variously shaped in cross section, firm or
spongy, usually smooth, frequently densely pale-short-
lineate or pale-striate throughout, sometimes warty or
covered with scale-like processes, rarely geniculate
apically; blades simple and entire, ovate, cordate, has-
tate, sagittate, oblong to elliptic or variously divided,
trifid, trifoliolate, or pinnatifid; midrib raised or sunk-
en above, raised below; primary lateral veins pinnate,
usually conspicuous, spreading to the margins and
running into an antemarginal collective vein; lower-
most primary lateral veins (basal veins) often coa-
lesced on cordate blades, the posterior rib (coalesced
basal veins) naked along the sinus or not; interprimary
veins sometimes present; secondary lateral and higher
order veins transversely reticulate between the sec-
ondary veins, sometimes ail veins slender with no dis-
tinct primaiy lateral veins; minor veins conspicuous
or obscure, usually fine and closely parallel; cross-
veins (minute veins extending transversely between
the minor veins) sometimes visible; secretory duets
sometimes appearing like veins, linear, short to long,
obscure to very distinct on lower surface. Inflores-
conces 1-several per axil, usually much shorter than
the ptioles; peduncles shorter or longer than the
spathe; spathe erect, usually coriaceous, entirely per-
sistent, often with large superficial resin canals on
inner surface which exude resin, opening widely at
anthesis (usually for about one day), then recloesing
and persisting in fruit, deciduous only on ripening of
fruit, frequently colorful, often bicolorous on outside,
typically somewhat constricted between tube and
blade, convolute at base; tube cylindric to inflated,
uniformly goeenish to nrd or violet-purple within;
bhade usually opening widely, becoring + boat-
 
 
shaped at anthesis, usually white within, sometimes
tinged reddish; spadix sessile to stipitate, divided into
pistillate and staminate portions, each with unisexual
flowers; pistillate zone usually greenish, obliquely



fused at its base to the spathe, free above, usually
much shorter than the staminate portion and separat-
ed from it by a sterile zone of staminodial flowers;
intemediate sterile zone cylindric to ellipsoid, much
shorter than stamninate zone in Central America, usu-
ally thicker than staminate zone; staminate zone terete
to clavate, white, usually sonewhat constricted above
the sterile staminate zone; flowers unisexual, naked,
closely aggregated in several spirals; staminate flowers
2-6(usually 4-5)-androus; stamens free, adjacent,
lacking stomial groove, prismatic to obpyramidal; an-
thers tetrasporangiate (with microsporangia emredded
in the abaxial surface of the anther), columnar in
shape, elliptic, ovate to rhombic in cross section, ses-
sile to subsessile; connective thick, apically truncate,
usually irregularly 4-5-sided, overtopping thecar; the-
cae oblong or elliptic, emarginate at the base, dehise-
ing apically by short, ragged lateral pores; endothecial
thickenings lacking; pollen extruded in strands or
mixed with resin secretion or exuded in amorphous
masses, inaperturate, ellipsoid or oblong or occasion-
ally elongate, medium sized (mean 40 pin, range
28-54 pun), mostly perfectly psilate, sometimes mi-
nutely verruculate, scabrate or fossulate to clearly
punctate, suhfossulate, subfoveolate or subverrucate;
sterile staminate flowers naked, usually prismatic,
truncate and usually more irregular than fertile flow-
ers and lacking thecae; pistillate flowers with ovary
syncarpous, ovoid, subcylindric, cylindric or obovoid,
3-9(14)-locular in Central America (2-locular in P
sect. Philopsarms in South America); capels pre-
sumably equal to number of l<oules; placentation ax-
ile, sub-basal or basal; ovules I to numerous (to ca.
30) per locule, usually hemiorthotropous, rarely hem-
ianatropous, ascending on moderately long or some-
times short funicles; stylar rgion as broad as or sone-
times slightly narrower than ovary; style short,
unlobed. with or without bIs (sec dfinition under
Style Type D), funnel, or annulus; central style dome
usually lacking in Central America; stigma sessile.
hemispherical to lobulate. Berres su}bylindrical to
obovoid, exposed by the re-opening of the spathe,
white, whitish translucent to red or orange; seed few
to many per berry, oblong to ellipsoid or ovoidoblong,
testa rather thick, striate-costate, rarely sarcotestate;
embryo axile, straight, elongate, endosperm copious;
chromosomes: 2n = 30. 32. 34, 36, (26. 48). SpeIe
ca. 700, Central Mexico to Argentina; West Indies
(ocurring in ail countries of Central and South Amer-
ica except Chile and Uruguay).
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KEY 1: BLADES DEEPLY LOBED OR DIVIDED ...                                                           ....------------------------- . 382
 
KEY 2: BLADES SIMPLE, NON-CORDATE, EITHER OBLONG OR OVATE; SOMETIMES SUBCORDATE TO
CORDULATE AT BASE, THE POSTERIOR LOBES UP TO V4 AS LONG AS ANTERIOR LOBES ...--........3.... 383
 
KEY 3: CORDATE BLADES WITH PERSISTENT CATAPHYLLS ......------.            -----------------..-   385
 
KEY 4: VINES WITH CORDATE BLADES AND DECIDUOUS CATAPHYLLS -........-----..-- ........--... 388
 
KEY TO PHILODENDRON SUBGENUS PHILODENDRON OF CENTRAL AMERICA
A. Blades deeply divided, either pinnately lobed, or 3-lobed to trifoliate ...---. ---------.. ---------- KEY 1
A'. Blades not deeply divided, at most with the margins merely sinuate, the lateral margins of the anterior lobe
   sometimes deeply concave, but not to such an extent that the blade looks decidedly 3-lobed (blades at first
   entire, but naturally splitting into irregular segments in P findens).
   B. Blades acute, obtuse or truncate at base or sometimes weakly cordulate or subcordate but with the posterior
       lobes only 4 as long as the anterior lobe or less ..--- .......-..- ............. --------KEY 2
   B'. Blades cordate, sagittate, or hastate at base, the posterior lobes usually more than V as long as the anterior
       lobes.
       C.  Cataphylls persistent on  stem, either intact or as fibers  ........ . .... .. ... . ...... KEY  3
       C'. Cataphylls ultimately deciduous, though sometimes persisting ............-.................... ---- KEY 4
 
KEY 1: BLADEs DEEPLY LOBED OR DtVIDED
la. Blades deeply pinnnately lobed, the divisions extending at least  of the way to the midrib.
    2a. Leaves bipinnately lobed, the blade divisions near the middle of the blade pinnately lobed, usually divided
        more than %-way to the midrib.
        3a. Blades lobed only /o -'/a the way to the midrib; Mexico (Sinaloa & Nayarit); 0-370 m  ......-....
            -.... -.. -- --...-.....-....--................... --............--..............-.......-................... .   PR.  dressleri  G .  S.  Bunting
        3b. Blade deeply lobed, the divisions extending more than 7/,, of the way to the midrib.
            4a. Blades deciduous during the dry season; leaf segments thin, drying papyraceous, pale yellow-
                green to yellow-brown, with the minor veins distinctly visible and darker than surface; lateral
                segments with usually 3 or more lobes per side, extending to below the middle of the pinnae;
                Mexico (Jalisco & Chiapas) to El Salvador, Guatemala, Honduras, and Nicaragua, 300-1500 m
                                                            ....................................... -------------------------   warszewiczii K. Koch & Bouch
            4b. Blades evergreen; leaf blade segments subcoriaceous, drying moderately thick, dark brown or
                sometimes reddish brown, the minor veins not distinctly visible on drying, not markedly darker
                than surface; lateral segments with usually 1-2 lobes per side, usually restricted to near the apex
                of the pinnae; Mexico to Colombia, 0-700, rarely to 1860 m. ------  P. radiatum var. radiatum
    2b. Leaves merely pinnately lobed, the blade divisions near the middle of the blade not pinnately lobed, or,
        if so, divided less than -way to the midrib -.-.-..--............--........  P.R radiatum var. pseudoradiatum Croat
lb. Blades deeply 3-lobed or trifoliate.
    5a. Blade with the medial lobe less than 1.7 limes longer than the lateral lobes; lateral lobes directed 
        toward the apex.
        6a. .ateral lobes of the blade broadly confluent with the medial lobe by at least 2 cm from the base of
            the blade (as measured from the depths of the incised area and the apex of the petiole); inflorescences



            usually 3-9 per axil.
            7a. Medial lobe of the blade with 5-12 pairs of primary lateral veins; spathe tube uniformly greenish
                to whitish within; Honduras to Panama, usually below 1000 m .--...............---.------
                              --                       ----------    P. rothschuhianum (Engl.) Croat & Grayum
            7b. Medial lobe of the blade with 18-19 pairs of primary lateral veins; spathe tube red-violet or
                purplish within; Costa Rica (Puntarenas, San Jos), 1000-1250 m -....--... ----
                .. . . ...                                ----L a l. of t b u-----e. ...-... - P cotobrusense Croat & Grayum
        b. Lateral lobes of the blade not confluent with or only weakly confluent with the medial lobe to no
            more than 1 cm from the base of the blade; inflorescences usually 1, rarely to 3 per axil.
            Sa. Medial lobe of blades with more than 18 pairs of primary lateral veins, elliptic; central Panama,
                35 0-4e50 lb   .. f.                                                         b P. madronense Croat
            8b. Medial lobe of blade with fewer than 12 pairs of primary lateral veins, usually oblanceolate to
                oblong-lanceolate; widespread species, Mexico to Ecuador.
                9a. Medial lobe mostly 3-3.5 times longer than broad (rarely as little as 1.7 times longer than
                    broad); primary lateral veins of medial lobe 4-12 per side, prominently sunken; lateral lobes
                    directed  toward the apex; minor veins arising from both the midrib and the primary lateral
                    veins; ripe fruits whitish; Mexico to Ecuador, 0-1300(1500) m .P. tripartitum (Jacq.) Schott
                9b. Medial lobe mostly 1.5-2 Limes longer than broad; primary lateral veins of medial lobe
                    mostly 2-4. rarely 5 per side. weakly sunken; lateral lobes directed  outward; minor veins
                    arising only from the midrib; ripe fruits orange; Mexico to Costa Rica, 30-1800 m -..--
                         ....       ...    .... ................................................. .. .. ...  P. anisotom um  Schott
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   5b. Blades with the medial lobe more than 1.7 times longer than the lateral lobes; lateral lobes directed
       laterally (spreading) outward or even downward toward the base of the petiole (reflexed).
       lOa. Blades sagittate, the lateral lobes directed downward somewhat toward the base of blade (in direction
            of petiole); Mexico to Panama and South America, 0-1900 m ........................ .  P. mexicanum Engl.
       lOb. Blades hastate, the lateral lobes directed outward at ca. 90 angle.
            lia. Lateral lobes confluent with the medial lobe by usually for more than 4 cm (rarely to 3.3 cm);
                 basal veins 8-10 per side; Honduras to Panama, 0-680 m ..... P. angustilobum Croat & Grayum
            llb. Lateral lobes confluent with the medial lobe by usually less than 3 cm (rarely to 8 cm); basal
                 veins 4-7 per side; Mexico to Costa Rica, 30-1800 m  .-..--... - P. anisotomum Schott
 
KEY 2: BLADES ENTIRE OR SHALLOWLY DIVIDED, NON-CORDATE, EITHER OBLONG OR OVATE;
SOMETIMES SUBCORDATE
OR CORDULATE AT BASE, THE POSTERIOR LOBES UP TO 14 AS LONG AS ANTERIOR LOBES
la. Plants vines or at least with internodes much longer than broad.
 
VINES OR SCANDENT: INTERNODES MUCH LONGER THAN BROAD; BLADES OVATE
    2a. Blades  ovate, less than 2 times longer than wide.
         3a. Blades with primary lateral veins either 2 or fewer or with the primary lateral veins inconspicuous,



              scarcely more distinct than the minor veins.
              4a. Blades more than 11 cm wide; peduncles more than 10 cm long; Costa Rica, 50-450 m.
                    ......... ----................... - -.....................-......---- ...--   P. microstictum  Standl. &  L. O. Williams
              4b. Blades less than 11 cm wide; peduncles less than 10 cm long.
                    5a. Internodes less than 10 cm long; blades less than 1.4 times longer than wide, drying
                         greenish, lacking primary lateral veins; Panama, Cerro Brewster, 850 m .................
                                                                                     .. ............ ..... .. .. ....  P  brewsterense Croat
                    5b. Internodes more than 10 cm long; blades ca. 2 times longer than wide, drying brown,
                         with up to 2 obscure primary lateral veins; Costa Rica, Rfo Chirrip6 del Pacffico, San
                         Jos Prov., 1000 m  --  ------       .........-- ----------  P. chirripoense Croat & Grayum
         3b. Blades with the primary lateral veins more than 2 and much more prominent than the minor
              veins.
              6a. Blades ovate to broadly ovate, mostly less than 1.7 times longer than wide.
                    7a. Stems, petioles, and inflorescences densely scaly (petiolar scales slender and spread-
                         ing); major veins on lower surface densely puberulent; Panama to Ecuador, 0-1300
                         m         -...................... ........      .....------------------  P. squamipetiolatum Croat
                    7b. Stems, petioles, and inflorescences glabrous; major veins on lower surface glabrous;
                         Panama (Cocl, Veraguas), 770-1200 m -..-- .----     ligulatum var. ovatum Croat
              6b. Blades narrowly ovate to oblong-elliptic, usually more than 2 times longer than wide.
                   8a. Blades less than 12 cm wide; posterior lobes about as long as broad; Panama to
                         Colombia, 0-140 m   ----.--.-.. .----------- .                   P. immixtum Croat
                   8b. Blades usually more than 12 cm wide; posterior lobes much broader than long; Costa
                         Rica to Panama, (210)670-1800 m .- ..-- ....--. ------ P. lentii Croat & Grayum
    2b. Blades  oblong to oblong-elliptic (rarely narrowly ovate) or oblanceolate, usually more than 2.5 times
         longer than wide.
 
VINES WITH  OBLONG BLADES
              9a. Blades lacking distinct primary veins at base of blade; primary lateral veins obscure or
                   lacking.
                   10a. Blades drying gray-green; primary lateral veins not at ail apparent; Panama (San Blas),
                         near sea level ............---------------------------------- P ubigantupense Croat
                    lOb. Blades drying reddish brown or blackened; primary lateral veins 3-6, obscure but still
                         visible.
                         lia. Blades drying blackened, usually more than 25 cm long; spathe more than 12
                              cm long; Panama (Bocas del Toro and Chiriquf), 780-1400 m  P. correae Croat
                         llb. Blades drying reddish brown, usually less than 25 cm long; spathe less than 12
                              cm long; Costa Rica (100-900 m) to Panama, 900-1420 m  .
                                                                                    P. bakeri Croat & Grayum
              9b. Blades with one or more distinct primary veins at base of blade; primary lateral veins
                   distinct.
                   12a. Petioles encircled distally with a dark purplish (or dark green) ring separating the
                         petiole and the blade.
                         13a. Blades with posterior lobes usually narrowly rounded and somewhat spreading
                              or broader than long, rarely about as long as broad; inflorescences 1-3 per axil;
                              Panama, 100-970 m ..---..--------------.-------------- P annulatum Croat
                         13b. Blades with posterior lobes about as broad as long and held closely near the
                              petiole; inflorescence usually solitary (sometimes 2 in P immixtum).
                              14a. Blades typically drying greenish to greenish brown, rarely more lhan 30
                                   cm long; Panama to Colombia, 0-140 m ..-....-.-.-...-- P. immixtum Croat
                              14b. Blades typically drying blackened, rarely less than 30 cm long; Nicaragua
                                   to Colombia, 0-1200 m                    P ligulatum Schott var. ligulatum
                    12b. Petioles lacking a dark purple distal ring.
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                         15a. Blades less than 10 cm wide; stem minutely pale granular-puberulent at high
                               magnification; pistil with a funnel-shaped stigma (type E); ovules 1 per locule;
                               Panama (Darin), 75 m .......-------------------------  P. granulare Croat
                          15b. Blades usually more than 15 cm wide (rarely to as little as 10 cm wide in R
                               heleniae); stems smooth to irregularly ridged or folded at high magnification
                               (sometimes minutely warty but not pale granular-puberulent); pistil with a flat
                               style apex (type B); ovules 3 or more per locule.
                               16a. Blades drying coriaceous, lacking secretory ducts; spathes greenish white
                                    to white outside, more than 10 cm long; Costa Rica to Panama, (210)670-
                                    1800 m --...-..---.----------------- P. lentii Croat & Grayum
                               16b. Blades drying subcoriaceous, with conspicuous secretory ducts; spathes red
                                    outside, mostly less than 10 cm long; Panama and Ecuador, mostly 100-
                                    1040 m .-..-  ....---.--- ..----...--------------- P. heleniae Croat
lb. Plants appressed-climbing or sometimes terrestrial, with the internodes typically broader than long or only
    slightly longer than broad.
 
NON-VINING PLANTS; BLADES OBLONG
    17a. Cataphylls deciduous.
          18a. Blades usually prominently lobed at base, the lobes typically longer than broad or at least usually
               spreading away from the petiole.
               19a. Blades thin-drying; sinus arcuate with blade tissue somewhat decurrent on petiole; petiole
                    drying 2-4 mm diam.; Panama, E of Canal Area, 450-850 m ---...----------..  P. morii Croat
               19b. Blades thick-drying; sinus oblong to parabolic or arcuate but with blade tissue not at all
                    decurrent onto petiole; Panama, 100-970 m                                R......................................--- P.
annulatum Croat
          18b. Blades not lobed at base or merely cordulate with posterior lobes round, as broad as long, held
               closely against the petioles.
               20e. Largest leaf blades more than 50 cm long.
                     21a. Blades usually more than 30 cm wide; petioles usually about 85% the length of the
                          blades or even longer than the blades; Costa Rica and Panama, 0-200 m . --
                          -     - .. --.. -...........-     --.............. .................-- ................. ..... ........... ...............  R  davidsonii  Croat
                     21b. Blades less than 30 cm wide; petioles typically much shorter than the blade.
                          22a. Blades drying reddish brown, 4.4-4.9 times longer than wide; petioles lacking
                               a purple distal ring; Panama, 325-650 m ..................... P. dolichophyllum Croat
                          22b. Blades drying dark gray-green to blackened, usually less than 4.3 times longer
                                than wide; petiole with a purple or green distal ring.
                                23a. Petioles subterete adaxially, not at all winged marginally; Panama and Co-
                                     lombia, 20-1400 m ----.--.-.-.-..................-...... P. pseudauriculatum Croat
                               23b. Petioles sharply D-shaped with slender wings on the adaxial margins; Pan-
                                     ama, Darin, 50-200 m ......------------............. P. ligulatum var. heraclioanum Croat
               20b. Largest leaf blades usually less than 50 cm long.
                     24a. Blades usually drying green to yellowish green, thin.
                          25a. Blades oblong-lanceolate, less than 7 cm wide, obtuse to almost rounded at base
                                and then decurrent along petiole; Panama (Cocl), 700-800 m -- P. folsomii Croat
                          25b. Blades ovate-triangular, 11-16 cm wide, subcordate at base; eastern Panama,



                                450-850  m   ...     R........................................................ .......  P. morii Croat
                     24b. Blades drying yellow-brown or brownish, gray-brown to reddish brown, moderately
                          coriaceous.
                          26a. Inflorescences 2-10 per axil; peduncle less than 6 cm long; spathe tube reddish
                                maroon outside and within; leaf blades with conspicuous secretory ducts visible
                                on the lower dried surface; Panama to Colombia and Ecuador, 20-1040(1450)
                                m     ---- - ----- ---........ ....................................................... .  P. heleniae  Croat
                          26b. Inflorescence solitary; peduncle ca. 9 cm long; spathe tube green outside, white
                                within; leaf blades lacking any sign of secretory ducts; Panama (Col6n), ca. 200
                                -m - -- - -- - - - - ------ -- -.- - -- ---.. - -- - - -. . .. . . . . . . . . . . . ..--- - - --..  P .  u tley a n u m  C roat
     17b. Cataphylls persistent.
          27a. Plants usually terrestrial and rosulate; petioles deeper than wide; blades usually elliptic to oblong-
                elliptic, acute to narrowly rounded at base; Panama to Colombia, 100-1000 m ....-__...
                                                                                           P. roseospathum Croat
          27b. Plants epiphytic to hemiepiphytic, not rosulate; petioles as deep as wide; blades linear to oblan-
                ceolate or oblong-elliptic, sometimes weakly cordate to cordulate at base.
                28a. Blades linear to oblanceolate, attenuate at base; primary lateral veins arising at 25-45
                     angle from midrib; cross-veins not visible on drying; sap chalky white; Costa Rica to Pan-
                     ama, 0-900 m                              ------------          P. cretosum Croat & Grayum
                28b. Blades oblong-elliptic to narrowly ovate, obtuse to subcordate at base; primary lateral veins
                     ansmg al 60-75 angle; cross-veins very conspicuous on drying; sap not colored, or if so
                     not white: Costa Rica to Colombia, 0-1325 m  .        P.R scalarinerve Croat & Grayum
                     29a. Blades usually broadest above the middle, acute, obtuse, narrowly rounded to merely
                           minutely cordulate at base.
                           30a. Petioles sharply flattened adaxially (with acute lateral margins); blades acute to
                                narrowly rounded (never cordulate) at base, mostly more than 2.5 times longer
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                                than petioles; internodes broader than long; Costa Rica, Nicaragua, and Panama,
                                Atlantic slope; 10-1250 m ...................................................-------------------------- P wendlandii
Schott
                          30b. Petioles subterete; blades narrowly cordulate at base, less than 1.8 times longer
                                than petioles; internodes often longer than broad; southwestern Costa Rica, Pa-
                                cific lowlands, 0-1200 m .......-.........R. P. auriculatum Standl. & L. O. Williams
                     29b. Blades broadest below the middle, cordate to subcordate at base (acute to truncate in
                          P. davidsonii subsp. bocatoranum).
                          31a. Blades ovate to broadly ovate, less than 60 cm long, drying dark brown; primary
                                lateral veins 5-9 per side; petioles terete; Panama (Darin), ca. 1500 m .........
                                .............                                -----------.-.-.-...... ..............................-.. P niqueanum Croat
                          31b. Blades ovate-oblong, usually more than 60 cm long, drying light brown; primary
                                lateral veins 18-21 per side; petioles thicker than broad (i.e., with the thickest
                                dimension perpendicular to the plane of the blade) and broadly sulcate adaxially;
                                Costa Rica to Panama, 0-200 m --.--.--................................. . P. davidsonii Croat



 
KEY 3: CORDATE BLADES WITH PERSISTENT CATAPHYLLS
la. Blades with posterior rib (union of basal veins) naked along the edge of the sinus.
     2a. Petioles with conspicuous, elongate, hair-like scales.
          3a. Petiolar scales scattered and mostly in the distal % of petiole; plants terrestrial; Panama and
               Colombia, 830-860 m in Panama, 50-150 m in Colombia .--------------...................... P.R malesevichiae
Croat
          3b. Petiole scales dense, covering the entire petiole; plants usually hemiepiphytic.
               4a. Blades ovate-triangular, typically more than 1.3 times longer than broad, semiglossy above,
                     paler and solid light green to silvery-green beneath, Costa Rica to Ecuador, <100-1250 m
                     -.-.---.-... .---.... ---...- .......-..- ........ .---- --..........-.......--....... ....  P. squamicaule  Croat &  Grayum
               4b. Blades ovate, typically less than 1.3 times longer than broad, matte and subvelvety above,
                     paler and tinged with purplish violet between the major veins below; Costa Rica to Peru,
                     (200)500-1500 m .----- ....-.R.-..........- ..........-..-..---. -  P. verrucosum L. Mathieu ex Schott
    2b. Petioles glabrous or least lacking scales.
          5a. Petioles conspicuously and sharply flattened adaxially, with lateral margins sharply edged or with
               a slender wing.
               6a. Petioles merely sharply edged, lacking an actual wing at the margin.
                     7a. Blades whitish and matte below; cataphylls persisting in semi-intact fragments of thin
                          epidermis; spathe tube green outside, at most tinged pink within; Costa Rica to Pan-
                          ama (Chiriquf), (775)1000-2100 m .  ....------.---  P. thalassicum Croat & Grayum
                     7b. Blades green and semiglossy below; cataphylls persisting in a dense reddish brown,
                          semi-intact mass; spathe tube green or bright red outside, dark red 1o maroon within,
                          blade white; Belize to South America, 0-900 m.
                          8a. Blades ovate-triangular, 1.8-2.7 times longer than wide; cross-veins conspicuous
                               between minor veins on dried blades; spathe tube green on outside; W Panama
                               (Bocas del Toro to Cocl), 590-1300 m --..--.....--....--..----.-------...  P copense Croat
                          8b. Blades mostly ovate, 1.1-1.7 times longer than wide; cross-veins between minor
                               veins not at ail apparent; spathe tube bright red outside; Belize to South America,
                               0-1000 m -..-...--..---------------      P. fragrantissimum (Hook.) G. Don
               6b. Petioles with a narrow marginal wing.
                    9a. Leaf blades promptly splitting into slender segments laterally, drying blackened; pet-
                          iole wing undulate distally; Costa Rica to Panama, Atlantic slope, 0-1400 m .........
                          ..--     ---------.-------------- -                         PR findens Croat & Grayum
                    9b. Leaf blades remaining intact, drying yellow-green; petiole wing usually undulate
                          throughout its entire length; Nicaragua to central Panama, mostly less than 700 m
                                                           ......-..... ..... ...-....-----..---  R  pterotum  K. Koch  &  Augustin
          5b. Petioles terete to obtusely flattened or U-shaped but not sharply flattened adaxially, if sulcate
               adaxially the margins merely obtuse.
               lOa. Blades whitish and matte on lower surface even on fresh leaves; petioles usually drying
                    light yellowish brown (except sometimes not in R strictum).
                    lia. Blades narrowly ovate, usually more than 1.8 times longer than wide; plants commonly
                          hemiepiphytes; Panama to Ecuador, usually <1400 m ......-.....--...- P. hebetatum Croat
                    11lb. Blades ovate to broadly ovate, averaging 1.3 times longer than wide; typically terres-
                          trial; Costa Rica to western Panama, Colombia, and Venezuela, mostly at 850-1665
                          m in Central America ...........-.------- -----.      P strictum G. S. Bunting
               10b. Blades green to yellow-green beneath, usually semiglossy to glossy; petioles drying various
                    colors, not light yellowish brown (except R copense, P schottianum, and P thalassicum).
 
NARROWLY OVATE BLADES
 
    12a. Blades usually 1.8 times or more longer than wide.
          13a. Spathe tube greenish to yellow-green or whitish inside.
               14a. Leaf blades with lower surface matte, frequently bluish green; style apex prolonged into a
                    short but distinct neck (style type D); central Costa Rica to western Panama, (775)1000-
                    2100 m ...............--....----- -.---... .....- ..-.  thalassicum Croat & Grayum
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               14b. Leaf blades with lower surface glossy to semiglossy, not at ail bluish green; style apex flat,
                    not prolonged into a distinct neck (style type B; rarely type C); Panama, except P. jodavi-
                    sianum (Mexico to Venezuela).
                    15a. Blades drying yellow-green; basal veins fewer than 5; sap milky white, drying chalky;
                          inflorescence solitary; cataphylls to 40 cm long; Panama (Darin), 800-1480 m ..-
                          ...........---------------.------------------------------------------ P. albisuccus Croat
                     15b. Blades drying dark gray-brown to olive-green, typically somewhat blackened; basal
                          veins usually more than 5; sap usually clear, drying dark brown to reddish; inflores-
                          cences 2-6 per axil; cataphylls less than 20 cm long.
                          16a. Petioles terete to obtusely flattened adaxially, lacking prominently raised lateral
                               margins; peduncles frequently longer than the spathe; central and eastern Pan-
                               ama, 0-800 m --.------------------------ P. panamense K. Krause
                          16b. Petioles usually D-shaped or U-shaped, usually flattened adaxially with promi-
                               nently raised margins, often thicker than broad, rarely C-shaped to subterete;
                               peduncles usually much shorter than the spathe; S Mexico to Panama and Ven-
                               ezuela (Mrida), 0-1500 m -.......-.....-....--.-----  P. jodavisianum G. S. Bunting
          13b. Spathe tube red to maroon or violet-purple on inside.
                17a. Blades drying greenish to yellow-green (sometimes yellow-brownish in P. alticola), lacking
                     conspicuous cross-veins.
                     18a. Pistils with 1 ovule per locule; leaf blades with secretory ducts moderately obscure,
                          the abaxial surface densely and minutely granular on drying; staminate portion of the
                          spadix constricted above the sterile portion, the fertile portion clavate, the sterile
                          staminate portion only slightly thicker than the pistillate portion; dried style base
                          doughnut-shaped with stylar canais at the bottom of a deep concavity; Panama (Chi-
                          riquf to Cocl, (750) 950-2200 m) and Costa Rica .....---...--..-----....  P straminicaule Croat
                     18b. Pistils with 12-18 ovules per locule; leaf blades with secretory ducts conspicuous,
                          abaxial surface smooth on drying; staminate portion of the spadix scarcely constricted
                          above the sterile portion, the fertile portion stubby and evenly tapered to the apex,
                          the sterile staminate portion much thicker than the pistillate (approximately  thicker);
                          dried style base raised but flattened at apex with a narrow pale ring around its outer
                          margin, the stylar canais exserted like minute funnels and extending above the surface;
                          eastern Costa Rica and western Panama, 800-2500 m ----  P. alticola Croat & Grayum
                17b. Blades drying reddish brown with conspicuous cross-veins.
                     19a. Petioles drying with a conspicuous light reddish brown or yellow-brown epidermis,
                          this smooth and often flaking; cataphylls less than 25 cm long; primary lateral veins
                          11-16 per side; basal veins frequently more than 8 per side; Panama (Bocas del Toro
                          and Cocl Provinces), 590-930 m  .. .................................. P. copense Croat
                     19b. Petioles drying dark brown, the epidermis not peeling; cataphylls more than 55 cm
                           long; primary lateral veins fewer than 8 per side; basal veins up to 8 per side; Panama
                           (Chiriquf, Bocas del Toro, Cocl, and Veraguas Provinces), 500-1630 m  -..----
                                                                                             P. chiriquense Croat
 



OVATE TO BROADLY OVATE BLADES
      12b. Blades usually about 1.5 times longer than wide or less (sometimes wider than long).
           20a. Leaf blades with lower surface matte (but never velvety), frequently bluish green, the dried waxy
                surface forming an areolate pattern; central Costa Rica to western Panama, (775)1000-2100 m
                             b.  ? bladeswith ersrface - ~- --                    P thalassicum Croat & Grayum
           20b. LeaI blades with lower surface semiglossy (or, if matte, then velvety), never bluish green.
                21a. Leaf blades matte and velvety above; central Panama in the region of the isthmus, 300-
                      375 m   ---------     .............................                          P gigas Croat
                21b. Leaf blades semiglossy to glossy above.
                      22a. Peduncles usually less than 10 cm long (rarely longer in fruiting peduncles of P
                           Ilanoense and P dodsonii).
                           23a. Spathe tube solid bright red on outside; central Panama (Veraguas and Cocl),
                                800-1200 m                ....................                antonioanum Croat
                           23b. Spathe tube green outside (sometimes tinged weakly red on P. schottianum).
                                24a. Spathe weakly or not at ail constricted above the tube.
                                     25a. Cataphylls persisting usually with large fragments of glossy, yellowish
                                           epidermis; petioles drying yellowish to yellowish brown and glossy
                                           as if with a layer of shellac; Costa Rica to Panama, 600-2200 m. -
                                           -.. C.                   ----- --.. .........-..............- P. schottianum H. Wendl. ex Schott
                                      25b. Cataphylls persisting semi-intact and brown, not glossy or yellowish;
                                           petioles usually drying brown to blackened, usually not yellowish and
                                           glossy; Guatemala, 1360-1870 m                     P. purulhense Croat
                                24b. Spathe moderately to prominently constricted above the tube.
                                      26a. Leaf blades drying yellow-brown below, coriaceous; ovules mostly
                                           (6)12-(20) per locule; Isthmus of Panama, mostly below 500 m .--- t
                                                                                                 P llanense Croat
 
�

 
 
 

[Begin Page: Page 387]
 
 
 

 
Volume 84, Number 3
1997
 
 
Croat
Philodendron Subgenus Philodendron
 
 
                                     26b. Leaf blades drying reddish brown, moderately thin; ovules 1-6 per
                                          locule (except P. dodsonii with ca. 20 ovules per locule); Costa Rica
                                          or Mexico.
                                          27a. Stems usually growing over rocks in dry habitats, rarely on
                                                trees; cataphylls eventually deciduous, intact on the older stem;
                                                ovules 4-6 per locule; western Mexico (Jalisco & Guerrero),
                                                350-1250  m  .....--------   ........ ....................... ........  P. basii Matuda
                                          27b. Stems appressed-climbing on trees in humid habitats; cata-
                                                phylls decomposing and breaking up before falling off; ovules
                                                either solitary or ca. 20 per locule; Costa Rica and/or Ecuador.
                                                28a. Spathe tube green; ovules 1 per locule; posterior rib bare-
                                                     ly or not at ail naked along the sinus (up to at most 2.5
                                                     cm); southwestern Costa Rica, 1000 m ......................



                                                     --..---..-.-...................-..... . P. dominicalense Croat &  Grayum
                                               28b. Spathe tube dark reddish to red-purple; ovules ca. 20 per
                                                     locule; posterior rib naked to ca. 6 cm along the sinus;
                                                     Costa Rica, principally on the Atlantic slope at 300-850
                                                     m and Colombia and Ecuador at 200-1300 m .....--
                                                     -.-.---... ......................................  P. dodsonii Croat &  Grayum
                    22b. Peduncles usually more than 10 cm long (rarely less than 10 cm long) when not at
                          anthesis.
                          29a. Stems clothed with a dense series of overlapping cataphylls, each persisting as
                               a reticulum of coarse fibers often overlain with a thin, fragmented epidermis.
                               30a. Blades 1.2-1.5 times longer than wide, drying reddish brown above; Pan-
                                     ama (Darin), 1000-1560  m  ...-..P.............---.  .....................  P  pirrense Croat
                               30b. Blades 0.8-1.4 times longer than wide, drying grayish green above.
                                     31a. Dried blades with lower surface semiglossy, sparsely granular, with
                                          moderately conspicuous cross-veins, not speckled, the upper surface
                                          lacking raphide cells; ovules 6 per locule; Panama, Panama Province
                                          (Cerro Jefe), 550-800 m _.....-.........._...-- --...-. P jefense Croat
                                    31b. Dried blades with lower surface matte, smooth and minutely brownish
                                          to whitish speckled, lacking obvious cross-veins, the upper surface
                                          usually with short whitish raphide cells visible; ovules 14-20 per
                                          locule; Panama, Canal Area to Darin Province (Cerro Sapo), 140-
                                          800 m   ..... ........ .... ..--  ........ .............-.. ..... ... .... -  P. lazorii Croat
                          29b. Stems with only a few cataphylls, these usually semi-intact or with a few, thin,
                               disorganized fibers.
                               32a. Blades drying reddish brown to dark yellow-brown; peduncles usually less
                                    than half as long as the spathe, straight below the spathe; spathe tube
                                    reddish purple to red outside; Costa Rica, Colombia, and Ecuador, 200-
                                    1300 m .....---------------------- P. dodsonii Croat & Grayum
                               32b. Blades drying dark gray-brown to olive-green, typically somewhat black-
                                    ened above; peduncles usually as long as or longer than the spathe, fre-
                                    quently bent just below the spathe; spathe tube greenish on outside; Pan-
                                    ama, 0-800 m ...--------------...........--.......----.................--------- P. panamense K. Krause
lb. Blades with posterior rib (union of basal veins) not naked along the sinus, flanked with laminar tissue.
    33a. Petioles conspicuously scaly distally; terrestrial (except P verrucosum).
         34a. Blades less than 25 cm long; petiolar scales close and overlapping, broad, usually less than 3
               times longer than wide; endemic to El Cop region of Panama, ca. 800 m _......... P hammelii Croat
         34b. Blades usually more than 30 cm long; petiolar scales more widely scattered, many times longer
               than wide.
               35a. Plants terrestrial; stems usually creeping laterally across the ground; spathes glabrous; Mex-
                    ico and Guatemala, 580-1900 m -.-.-  ..... P glanduliferum Matuda subsp. glanduliferum
              35b. Plants appressed hemiepiphytic climbers; stems usually climbing trees; spathes conspicu-
                    ously covered with slender scales, Costa Rica to Peru, 200-1500 m (mostly >500 m)
                                                                              P. verrucosum I.. Mathieu ex Schott
    33b. Petioles glabrous and smooth distally, at least not conspicuously scaly; usually hemiepiphytic.
         36a. Plants consistently terrestrial; petioles D-shaped with raised margins and a medial rib: spathe
               tube greenish to whitish within (or usually reddish on Pacific slope of Costa Rica); Nicaragua
               (Zelaya) to Panama, Colombia, and Ecuador; mostly 0-750 m ...................... P. grandipes K. Krause
         36b. Plants usually hemiepiphytic (P tysonii frequently terrestrial in some habitats); petioles terete to
              subterete; spathe tube maroon to red or violet-purple within.
              37a. Spathe not at all constricted above the tube, the spathe wall usually to ca. 1 cm thick
                    midway; leaf blades very coriaceous, minor veins etched in the upper surface of fresh leaves;
                    central Costa Rica to western Panama, 1100-2600 m ...-. P. crassispathum Croat & Grayum
              37b. Spathe visibly constricted above the tube (except only weakly constricted for P antonioan-
                    um), the wall usually less than 3 mm thick except at very base; leaf blades not markedly
                    coriaceous, minor veins never etched into surface of fresh leaves.
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                    38a. Primary lateral veins frequently 10 or more per side; spathe tube white to pale green
                         within (sometimes tinged red at very base); Nicaragua to S Ecuador and to Venezuela;
                         20-1400 m        .....    ...------ -----------.......... P. tenue K. Koch & Augustin
                    38b. Primary lateral veins usually fewer than 10 per side (to 10 in P tysonii); spathe tube
                         red to red-violet, maroon, or violet-purple throughout within.
                         39a. Blades markedly sinuate along the margins; Mexico (Veracruz), less than 500 m
                               --....---- .....-...-....--- . ...----------------- P. subincisum Schott
                         39b. Blades with the margins entire, not at ail sinuate.
                               40a. Fresh cataphylls usually red; petioles and midribs lacking conspicuous
                                    purplish spots; basal veins 5-10 per side.
                                    41a. Blades with primary lateral veins typically 6-10 per side, upper sur-
                                         face drying somewhat blackened and smooth; cataphylls unribbed to
                                         weakly 1-ribbed; spathe tube green or merely tinged reddish outside;
                                         ovaries with fewer than 7 sub-basal ovules contained in an ovule sac;
                                         western and central Panama, 600-1500 m  .--...-------..--... P. tysonii Croat
                                    41b. Blades with primary lateral veins usually 5-6 per side, upper surface
                                          drying dark brown to gray-brown with prominulous cross-veining; cat-
                                          aphylls sharply 2-ribbed; spathe tube dark maroon outside; ovaries
                                          with about 30 axile ovules not contained in an envelope; endemic to
                                          Veraguas and Cocl Provinces at 850-1150 m .. P. antonioanum Croat
                               40b. Fresh cataphylls green (purplish-spotted in P. edenudatum and P. grayu-
                                    mii); petioles and midrib frequently purplish-spotted; basal veins usually
                                    3-5 per side.
                                    42a. Blades mostly more than 1.8 times longer than wide; petioles 0.85-
                                          0.90 times as long as the blade; dried blades without secretory ducts
                                          visible on lower surface; Panama, 110-1150 m -. P. edenudatum Croat
                                    42b. Blades mostly less than 1.8 times longer than wide; petioles 1-1.4
                                          times longer than the blade; dried blades with secretory ducts clearly
                                          visible on the lower surface; Costa Rica to central Panama, 0-1630
                                          m -- ----.. ............ .................... ............. --  P  grayumii Croat
 
KEY 4: VINES WITH CORDATE BLADES AND DECIDUOUS CATAPHYLLS
[Note: None of the species in this group have the posterior rib of the leaf blades naked along the sinus except P.
brunneicaule, P. hederaceum, P. mexicanum, and sometimes (weakly so) P. coloradense, P. cotonense, P.
sulcicaule, P.
wilburii, and P. zhuanum.]
la. Internodes elongate, usually much longer than broad; plants usually vines or at least prominently scandent.
    2a. Blades with the posterior rib (coalesced basal veins) not naked (i.e., not running on the margin of the
          sinus).



          3a. Stems coarsely asperous, covered with branched scales or setose-pubescent.
               4a. Blades ovate-triangular, subcoriaceous; posterior lobes slender, usually flaring; stems reddish
                     brown, covered with trichome-like, frequently branched scales; berries pale yellow; styles
                     very short; occurring usually in wet habitats; Nicaragua to Panama and South America, 60-
                     280(1300) m --------------------------------------------..................................................... P. brevispathum
Schott
               4b. Blades ovate-cordate, thin; posterior lobes directed toward one another at maturity; stems
                     greenish, covered with elongate setae; berries pale orange to red or reddish orange; usually
                     occurring in dry habitats; Mexico to Panama, the West Indies, and South America, 0-
                     1500(2500) m   ---- -.      ....................................................................  P. jacquinii Schott
          3b. Stems smooth, not covered with branched scales.
               5a. Petioles prominently flattened dorsiventrally with the lateral margins sometimes acute; Nic-
                     aragua to Ecuador, 10-1500 m   ..-..-      ....------- .......- P. platypetiolatum Madison
               5b. Petioles terete to subterete, not prominently flattened dorsiventrally.
                     6a. Peduncles usually much shorter than the spathe, usually less than 7 cm long at an-
                          thesis, drying 6-10 mm diam.; ovules many (usually 10-20) per locule.
                          7a. Leaf blades narrowly ovate-elliptic or triangular-sagittate or triangular-hastate,
                               usually 1.8 times or more longer than wide; posterior rib more than 3 cm long.
                               8a. Leaf blades narrowly ovate-elliptic; posterior lobes about as broad as long,
                                     directed toward the base; sinus  V-shaped; ovules ca. 20 per locule;
                                     Mexico (Chiapas), 0-1000 m   .................--  - --............ -..   P. breedlovei Croat
                               8b. Leaf blades triangular-sagittate to triangular-hastate; posterior lobes typi-
                                     cally much longer than broad, directed somewhat outward; sinus usually
                                     not V-shaped but parabolic to spathulate; ovules usually 1-2 per locule;
                                     Mexico to Colombia, 0-1900 m ----...P..................-......  P mexicanum Engl.
                          7b. Leaf blades ovate, usually only slightly longer than wide (rarely to 1.9 times
                               longer than wide in P. hederaceum); posterior rib virtually lacking or to at most
                               1 cm long.
                               9a. Stems drying dark reddish brown, prominently ribbed, usually densely
                                     warty; Costa Rica to Ecuador and Suriname; (250)300-900 m -----  -
                                     -   ---    -    ......................................  P  hederaceum  var. kirkbridei Croat
                               9b. Stems drying either green and only weakly striate, or light yellowish brown
                                     and deeply fissured on drying.
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                                     10a. Stems drying yellowish brown, prominently ridged, smooth and
                                          glossy; spathe tube violet-purple outside; Costa Rica to Ecuador, 0-
                                          1600  m ...-------........---........................................  P. purpureoviride Engl.
                                     10b. Stems drying greenish, weakly striate, matte; spathe tube green out-
                                          side; Mexico to West Indies, widespread in South America
                                          --.----.......- -..... .... ....  ............... ....... .  P  hederaceum  (Jacq.) Schott
                     6b. Peduncles frequently as long as or longer than the spathe, sometimes more than 7 cm
                          long, usually drying 3-4 mm diam.; ovules 1 or 2 per locule.



                          lia. Leaf blades lacking any obvious primary lateral veins; stems prominently sul-
                               cate-ribbed even when fresh; ovules 1 per locule; SE Costa Rica to central
                               Panama; 100-700   m  -----  -------         ------------.................  ..........  P. sulcicaule Croat
                          11lb. Leaf blades with obvious primary lateral veins; stems smooth (or at least not
                               regularly and prominently sulcate-ribbed longitudinally when fresh); ovules 2
                               per locule; Panama (Darin); 850-1560 m .................................. P clewellii Croat
 
CORDATE VINES WITH DECIDUOUS CATAPHYLLS AND BLADES WITH NAKED POSTERIOR RIBS
    2b. Blades with the posterior rib naked and running on the margin of the sinus for usually 1.5 cm or more
          (sometimes to as little as 1 cm in P smithii).
          12a. Stems setose-pubescent; blades membranaceous on drying; spathe tube inflated, with considerable
               space between the inner surface of the spathe and the spadix; pistils elongated at apex into a
               style to ca. 5 mm long; Mexico to Panama, Cuba, and northern South America; 0-1500(2500) m
               -- -- -- .. ........... ............................. ............... ...................................................  P  jacquinii  Schott
          12b. Stems glabrous; blades coriaceous to subcoriaceous on drying; spathe not inflated-bulbous at base,
               fitting tightly over spadix; pistils not at all elongated into a distinct stylar region.
               13a. Stems prominently and regularly sulcate-ribbed when fresh.
                     14a. Blades less than 24 cm long, lacking obvious primary lateral veins; petioles to 21 cm
                          long; NE Costa Rica to Isthmus of Panama; 100-700 m .....P..........  P. sulcicaule Croat
                     14b. Blades more than 26 cm long, with 3-4 obvious pairs of primary lateral veins; petioles
                          more than 29 cm long; S Mexico to Guatemala; 700-1525 m .......... P verapazense Croat
               13b. Stems smooth or irregularly fissured but not regularly sulcate-ribbed when fresh.
                    15a. Blades mostly broadly ovate, usually more than 25 cm wide; posterior lobes usually
                          broadly rounded, about as wide as long; stems drying light reddish brown with flaking
                          epidermis; Costa Rica to Ecuador, 100-1300 m .-..-.-. P. brunneicaule Croat & Grayum
                    15b. Blades mostly ovate-triangular or triangular-sagittate to triangular-hastate, mostly less
                          than 25 cm wide (sometimes broader in P. smithii); Mexico to Panama; 0-2000 m.
                          16a. Blades sagittate to hastate at base; posterior lobes 2-3 times longer than broad;
                               posterior rib directed straight toward the apex of the posterior lobe and 1.5-3.5
                               cm distant from the posterior margin of the blade; Mexico to Panama, 0-1900
                               m --    ..-- ...- .-- --. . .. ....... ..----- ....... .... ..-.... PR mexicanum Engl.
                          16b. Blades cordate or sagittate (rarely hastate in some forms of P wilburii); posterior
                               lobes usually less than 2 times longer than wide (except sometimes more than
                               2 limes longer in P. wilburii, and then blades drying reddish brown, not greenish
                               as in P mexicanum); posterior rib mostly curved along and near the margin of
                               the sinus, rarely more than 1 cm from the posterior margin of the blade.
                               17a. Cataphylls 2-ribbed; blades usually more than 35 cm long; petiole often
                                    with a purple distal ring; peduncle usually longer than the spathe; Mexico
                                    to Nicaragua, 40-1630 m   .......- ..P..........-.... --   P smithii Engl.
                               17b. Cataphylls 1-ribbed (rarely 2-ribbed); blades usually less than 36 cm long;
                                    petioles lacking a purple distal ring; peduncle usually shorter than the
                                    spathe (except often longer in P wilburii var. longipedunculatum); central
                                    Costa Rica to central Panama, 0-2000 m ....... P. wilburii Croat & Grayum
 
CORDATE NON-VINES WITH DECIDUOUS CATAPHYLLS AND NON-NAKED POSTERIOR RIBS
lb. Intemodes of mature stems broader than long or sometimes somewhat longer than broad but not elongate
    with scandent stems (possibly somewhat scandent in P breedlovei and P. sousae); plants mostly appressed-
    climbing hemiepiphytes.
    18a. Petioles either densely covered with scales or D-shaped with undulate-winged margins.
          19a. Petioles terete, less than 1 cm diam., densely covered with conspicuous, spreading scales; blades
               almost as broad as long, the major veins on the lower surface densely puberulent; Panama to
               Ecuador; 0-1300 m       --           --------                         P squamipetiolatum Croat
          19b. Petioles sharply D-shaped or sharply flattened with undulate-winged margins, more than 1.5 cm
               diam., glabrous; blades much longer than broad; veins of lower surface glabrous; Panama (Chi-
               riquO; 1100-1300 m       --- -     _-                          -   -         P fortunense Croat
    18b. Petioles glabrous, terete to merely obtusely flattened.
         20a. Posterior rib naked along the sinus.



               21a. Peduncle usually less than 10 cm long.
                    22a. Blades less than 25 cm long, the adaxial surface drying dark brown to yellow-brown.
                         23a. Blades ovate-triangular, 1.8-3 times longer than wide; posterior lobes 1.4-1.8
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                               times longer than wide; inflorescence solitary; Panama (Chiriquf), 1750-2100 m
                                                                          ...... ....... .. -. ----------.. .   P. knappiae Croat
                          23b. Blades ovate, 1.3-1.6 times longer than wide; posterior lobes about as wide as
                               long; inflorescences 2-3 per axil; Panama (Chiriquf), 1600 m -......-...-......
                               ----...---------------------                                 P coloradense Croat
                     22b. Blades more than 35 cm long, the adaxial surface usually drying green to brownish
                          green to grayish green to dark olive-green (sometimes dark brown in P. zhuanum or
                          blackish in P. smithii).
                          24a. Petioles on drying not markedly flattened, 8-15 mm diam., usually greenish to
                               dark brown; less than 360 m along the Caribbean coast in Costa Rica -...--..--
                                                                          ------------------------------ P aromaticum Croat & Grayum
                          24b. Petioles on drying markedly flattened, to 3-6 cm diam., often yellowish; 700-
                               900 m, Cocl Province, Panama .....--.------.......----  P. zhuanum Croat
                21b. Peduncle usually 10 or more cm long.
                     25a. Leaf blades with margins convex in lower  of blade.
                          26a. Stem drying light brown; epidermis often flaking; petioles spongiose, but drying
                               moderately smooth, flattening to ca. 1 cm wide; blades drying thin and lacking
                               conspicuous secretory canals; 40-1630 m (mostly less than 600 m), Mexico to
                               Nicaragua .--..--..-.....-- .-------------      -----     P. smithii Engl.
                          26b. Stem drying dark brown; epidermis sulcate or cracked but not flaking; petioles
                                firm, drying heavily wrinkled, flattening to 3-6 cm wide; blades drying coria-
                                ceous with conspicuous secretory canais; 700-900 m, Panama (Cocl) ..---
                                                                                              P. zhuanum Croat
                                -.-----------..-.--........--.-.- ....-- -........................ ............. .----  .  zhuanum  Croat
                     25b. Blades with margins straight to concave in lower V of blade; Costa Rica and Panama.
                          27a. Leaf blades drying pale yellow-green, lacking any sign of secretory ducts on
                                lower surface; ovules 1 per locule; Costa Rica, 1350-1400 m ........
                                .         .-----..-- -..-.-...............................-......-...................- --  P. stram inicaule  Croat
                          27b. Leaf blades drying dark olive-green or dark brown, with secretory ducts visible
                                alternating with the minor veins on lower surface; ovules 4-5 per locule; near
                                Costa Rican-Panamanian border, 1100-1950 m .....------...------ P. cotonense Croat
           20b. Posterior rib not naked along the sinus, or weakly and obscurely naked near its base.
                28a. Blades with posterior lobes turned inward and overlapping; peduncles slender, drying ca.
                     2-4 mm diam.; 850-1560 m, Serranfa de Pirre, Darin Province, Panama _ P. clewellii Croat
                28a. Blades with posterior lobes never overlapping (except sometimes in P. ferrugineum), usually
                     directed backward or somewhat outward; peduncles stout, usually 5-10 mm diam. on drying.
                     29a. Spathe barely or not at ail constricted near the middle or above the tube portion;
                           sterile staminate portion of the spadix often conspicuously (50%) broader than the



                           pistillate portion at anthesis; Mexico to Guatemala, 70-2500 m ...--.-  P. advena Schott
                     29b. Spathe usually visibly constricted above the tube (usually somewhat below the middle);
                           sterile staminate portion of the spadix narrower to only slightly broader than the pis-
                           tillate portion at anthesis.
                           30a. Inflorescences 1-3 per axil; spathes less than 11 cm long (except 9.5-18 cm
                                long in P. brenesii).
                                31a. Primary lateral veins mostly more than 8 pairs; minor veins etched-sunken
                                     on upper blade surface; lower blade surface  bluish green; 800-2200 m,
                                     Costa Rica and Panama ---.-.---...........................----   PR brenesii Standl.
                                31b. Primary lateral veins 4-8 pairs (sometimes to 9 pairs in P. sagittifolium);
                                     minor veins flat or raised on upper blade surface; lower blade surface
                                     medium green to yellow-green, not bluish green; Mexico and Belize.
                                     32a. Leaf blades ca. 1.6 times longer than wide; ovules 1-7 per locule.
                                           33a. Blades drying gray-green below; sap white; ovules 1 per locule;
                                                Belize, less than 500 m -......................-----  PJ dwyeri Croat
                                           33b. Blades drying dark yellow-brown below; sap clear, turning
                                                brown?; ovules 4-7 per locule; Panama, 1600 m .-----
                                                                                             P. coloradense Croat
                                     32b. Leaf blades ca. 1.8-2 times longer than wide; ovules 2-4(5-8) or ca.
                                           20 per locule; Mexico (Chiapas, 1300 m) or widespread, Mexico to
                                           South America, 150-2700 m.
                                           34a. Blades ca. 1.8 times longer than wide; inflorescence 1 per axil;
                                                ovules 20 per locule; Mexico (Chiapas), 1300 m -------
                                                ---   ..................... .... ...................................  P. breedlovei Croat
                                           34b. Blades 1.85-2 times longer than wide, inflorescences 1-3 per
                                                axil; Mexico (Veracruz) to Colombia, 0-1800 m -------
                                                .........................................................  P. sagittifolium  Liebm.
                           30b. Inflorescences 4-6 per axil; spathes 15-23 cm long.
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35a. Cataphylls usually more than 25 cm long; blades usually more than 55 cm
    long, drying coriaceous, reddish brown, with minute interrupted ridges on
    lower surface; Panama, 100-770 m ............... ........... P ferrugineum Croat
35b. Cataphylls less than 25 cm long; blades usually less than 55 cm long,
    drying subcoriaceous, brown to olive-green, smooth or minutely ridged but
    not with interrupted ridges on lower surface; Mexico (Chiapas), 490-1400
    m  -----  ---   -------------- ................................................ ......  P  sousae  Croat
 
 
Philodendron advena Schott, Oesterr. Bot. Woch-
    enbl. 5: 289. 1855. TYPE: Mexico. Exact lo-



    cation uncertain, described from living mate-
    rial, Schott s.n. (lectotype, here designated, L
    900230 (89889152)). Figures 37-40, 73.
Philodendron subovatum Schott, Osterr. Bot. Wochenbl. 5:
    289. 1855. TYPE: Western Mexico: a cultivated col-
    lection prepared by Schott (holotype, W now de-
    stroyed). Field Museum Photo 29864 (neotype, here
    designated; duplicate photo at MO).
Philodendron monticola Matuda, Madrofio 10: 170. 1950.
    TYPE: Mexico. Chiapas: Sierra Madre, Pacific slope,
    Colonia San Juan Panama, 50 km E of Escuintla,
    1600 m, Matuda 18169 (holotype, MEXU; isotypes,
    DS, NY, UCLA).
Philodendron jamapanum G. S. Bunting, Gentes Herb. 9:
    336, fig. 242. 1965. TYPE: Mexico. Veracruz: Cos-
    comatepec-Huatusco, Route 155 at Ri6 Jamapa,
    Moore & Bunting 8872 (holotype, BH).
 Terrestrial, epilithic, or hemiepiphytic; stem ap-
pressed-climbing, to 2 m long, sap brownish or-
ange; internodes weakly glossy, 2-4 cm long, 1.5-
2.5(5.5) cm diam., longer than broad, sometimes
obtusely flattened on one side, medium green to
gray-green, drying brown to yellow-brown, epi-
dermis smooth to closely fissured; roots few per
node, drying dark brown to yellow-brown, epi-
dermis sometimes flaking; cataphylls subcoria-
ceous, 7.7-45 cm long, sharply D-shaped to sharp-
ly 2-ribbed, rarely weakly 2-ribbed, light green to
whitish, tinged reddish, generally deciduous intact,
weakly emarginate at apex, margins clear. LEAVES
erect-spreading to spreading with blades pendent;
petioles 30-45(65) cm long, 7-18 mm diam.,
erect-spreading, subterete to D-shaped, somewhat
spongy to moderately firm, obtusely flattened adax-
ially, sheath 3-11 cm long; blades ovate-cordate to
sagittate, subcoriaceous, moderately bicolorous,
gradually acuminate at apex, cordate at base,
(32)41-47(64) cm long, 16.5-40 cm wide (1.2-2.5
times longer than wide; 1-1.5 times longer than
petioles), margins hyaline, upper surface dark
green, drying dark brown to blackened, sometimes
yellow-green, lower surface slightly more glossy,
paler, drying yellow-brown to reddish brown, some-
times greenish brown; anterior lobe 20.5-53 cm
long, 12-40 cm wide (3.4-3.8 times longer than
posterior lobes); posterior lobes rounded, 6-14(20)
cm long, 5.4-15(20) cm wide, directed toward base;
sinus  parabolic to V-shaped or spathulate, 8-15
 
 
cm deep; midrib broadly convex to flat, slightly pal-
er than surface above, convex and slightly paler
below; basal veins 3-6 per side, with 0-1(2) free
to base, coalesced (0.4)1.3-4(8.5) cm; posterior rib
not naked or obscurely naked to 1 cm at base; pri-
mary lateral veins (3)4-6 per side, departing midrib
at a (45)50-60(80) angle, straight or weakly ar-



cuate to the margins, flat to sunken and paler than
surface above, convex below; minor veins weakly
raised, moderately visible, arising from both the
midrib and primary lateral veins. INFLORES-
CENCES spreading-pendent, 1-2(4) per axil; pe-
duncle 5-13.5(17) cm long, 7-11 mm    diam.;
spathe coriaceous, (6.5)12-19 cm long ((0.7)1.4-
2.4 times longer than peduncle), weakly or not at
ail constricted above the tube, acuminate, usually
greenish throughout, broadest at or below the mid-
dle; spathe blade greenish white outside, spathe red
to maroon or greenish white, glossy inside; spathe
tube sometimes reddish outside, 5-8 cm long,
2.5-3.5(5) cm diam., red to maroon or dark vio-
let-purple, pale-lineate, glossy inside; spadix stip-
itate to 4 mm long; clavate to cylindrical, bluntly
pointed at apex, 11.5-14 cm long, broadest at the
middle or  uniform throughout; pistillate portion
3.3-6.9 cm long, 1.2-2.7 mm diam. at middle, nar-
rowed somewhat at both ends; staminate portion 5-
9.2 cm long; fertile staminate portion tapered to
cylindrical or clavate, usually longer than pistillate
portion, 11-14 mm diam. at base, 8-15 mm diam.
at middle, 5-7 mm diam. ca. 1 cm from apex,
broadest below middle, equal in length to pistillate
portion, narrower than pistillate and sterile por-
tions; sterile staminate portion, 11-30 mm diam.,
usually broader than pistillate portion at anthesis;
pistils 1.7-8.5 mm long, 1.3-2.9 mm diam., ovary
(5)6-8-locular, with basal to sub-basal placenta-
tion; ovules 1-4 per locule, arranged digitately in
translucent ovule sac, 0.2-0.6(1.5) mm long, equal
in length to funicle; funicle adnate to lower part of
partition, style 0.9-3 mm long, similar to style type
B; style apex flat; stigma discoid to subdiscoid; the-
cae cylindrical to elliptical, 0.5 mm wide, contig-
uous. INFRUCTESCENCE with spathe green out-
side, dark purple-violet inside, 11.5-14 cm long;
berries white to yellowish; seeds 1(3-4) per locule,
oblong-ellipsoid, sometimes obovoid, 1.7-2.2 mm
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long, 0.7-1.8 mm diam., with clear longitudinal
and faint latitudinal striations and speckled with
shiny, silver raphide cells; funicular scar knob-like,
clear, thicker than the seed body.
 Flowering specimens of Philodendron advena have
been collected in post-anthesis condition virtually
throughout the entire year. Mature fruits have been
collected less consistently with July and August the
only consecutive months without fruits reported.
 
 Philodendron advena ranges from Central Mexi-
co (Veracruz) along the Atlantic slope to Chiapas
and then along both the Pacifie and Atlantic slopes
to southern Guatemala (Santa Rosa and Chiquimula
Departments). It occurs at 70 to 2500 (mostly above
1000) m elevation in a wide variety of vegetation
types, including "Selva Alta Perennifolia," "Bosque
Caducifolia," "Selva Mediana Subperennifolia,"
and "Bosque Caducifolia."
  Philodendron advena is a member of Philoden-
dron sect. Calostigma subsect. Macrobelium ser.
Macrobelium. The species is distinguished by in-
ternodes longer than broad, its two-ribbed, gener-
ally deciduous cataphylls, terete to obtusely flat-
tened, somewhat spongy petioles (about as long as
the blades), and by its generally coriaceous, ovate-
cordate, usually dark brown to blackened-dried to
somewhat sagittate-lobed blades with rounded
lobes with usually four to six primary lateral veins,
and usually one to two green inflorescences with
the inner surface reddish to purplish.
  Material from the Pacific slope in Chiapas State,
Mexico, and in adjacent Guatemala often dries
somewhat more greenish. This was described by
Matuda as P monticola Matuda. Considering the
variability in the species, that taxon is not war-
ranted. Though not closely related to P purulhense
Croat, P advena is perhaps most easily confused
with that species, because both may have similar
ovate, black-drying leaves. Philodendron purul-
hense differs from P advena in its persistent cata-
phylls, a more or less elliptic spathe scarcely con-
stricted above the tube, and ovaries with axile
placentation and 13-20 ovules per locule.
  Philodendron advena is probably most closely
related to the equally ecologically versatile P sag-
ittifolium, which occurs throughout much of its
range. Philodendron sagittifolium is distinguished
by having usually longer, more prominently sagit-
tate blades (averaging 1.5-3 times longer than
broad), which dry typically reddish brown rather
than blackened. In contrast, P. advena has blades
averaging 1.5 times longer than broad (ranging from
1.3 to 1.8 times longer). Both P advena and P.
sagittifolium have five to eight locules per pistil
 
 



with up to three more or less basal ovules (or they
have the funicle adnate to the lower part of the
axillary wall but extending down to the base).
 Two Oaxaca collections are noteworthy. Moore &
Bunting 8891 from above Valle Nacional in the
Serranfa de Juarez of Oaxaca dried greenish brown
on the lower surface and gray-brown above. Also
unusual is Moore & Bunting 8919 (collected near
8891), which dried reddish brown. This collection
was discussed as possibly distinct by Bunting
(1965). Aside from the color of the blades upon
drying, there is nothing else out of the ordinary with
the collection (see fig. 235 in Bunting, 1965).
 
 Additional specimens examined. GUATEMALA. Alta
Verapaz: near Chirriact, on the Petn Highway, ca. 900
m, Standley 92192 (F); ca. 6 km NE of Panz6s, 800 m,
Croat 41689 (MO); 7 mi. up the road to Oxec, 700 m,
41651 (MO); Finca Argentina, 15 mi. W of Telemn, 550-
650 m, 41571 (MO); 2-4 mi. E of Tamah, 9-11 mi. E
of Hwy. CA-14 to Cobn, 700-800 m, 41498 (MO); near
Tactic, ca. 1500 m, Standley 70495 (F); near Tactic, above
Rfo Frfo, 1400-1500 m, 90484 (F). Chiquimula: Cerro
Tixixf, 3-5 mi. N of Jocotn, 500-1500 m, Steyermark
31563 (F). Quezaltenango: in reserve INDE "Santa Mar-
fa," km 99, 1445'N, 9132'W, Croat & Hannon 63430
(K, MO, US, USCG); El Pocito, S of San Martin Chile
Verde, on road to Colomba, ca. 2200 m, Standley 85039
(F), 85093 (F); between San Martfn Chile Verde and Col-
omba, above Mujuli, ca. 1800 m, 85723 (F), 85561 (F);
between Finca Pirineos and Finca Patzulfn, 1200-1400
m, 86875 (F); Rfo Samal, near Santa Maria de Jesus,
1500-1650 m, 84571 (F), 84669 (F). San Marcos: Can-
jul-La Uni6n Juarez, near SE portion of Volcan Tacan,
2000-3000 m, Steyermark 36407 (F); Volcan Tajumulco,
1400-1700 m, 37391 (F); ca. 3.3 mi. above Finca Ar-
menia, above San Rafael, 1600 m, Croat 40963 (MO, NY);
San Rafael-Pie de la Cuesta-Palo Gordo, near Aldea Fra-
ternidad, 1800-2400 m, Williams et al. 26014 (F, NY).
Santa Rosa: Cenaguilla, 4000 ft., Heyde & Lux 4281 (G,
NY, US). Zacapa: summit of Sierra de las Minas, vie. of
Finca Alejandria, 2500 m, Steyermark 29855 (F); Rio
Lima, Sierra de las Minas, below Finca Alejandria, 2000
m, 30026 (F). MEXICO. Chiapas: Lagos de Montebello,
3 mi. W of Dos Lagunas, 1460 m, Croat 46636 (MEXU,
MO), 46655 (MO); ca. 6 mi. NW of Pueblo Nuevo Solis-
tahuacn, vie. km 99, 1900-1950 m, 1707'N, 9252'W,
Croat & Hannon 65193 (MEXU, MO); 8 mi. NW of Pueb-
1o Nuevo Solistahuacn, 1900-1950 m, Croat 46429
(MEXU, MO), 46430 (MEXU, MO); Ixtapa-Pichucalco,
47777 (B, K, MO); Bochil-Pichucalco, 3.4 km W of El
Anepo, 1860 m, Croat 78610 (CHIP, CM, K, MO, NY);
San Crist6bal-Palenque, 97 km NE of San Crist6bal, 1130
m, 1727'N, 9204'W, Hammel et al. 15624 (MO); Pal'
enque-Bonampak, 89-90 mi. SW of Palenque, 350-370
m, Croat 40221 (MO); San Juan Panama, Escuintia, 1800
m, Matuda 18488 (MEXU, NY); Cascada, Siltepec, 1800



m, 19643 (MEXU); Paso Pashital, Sierra Madre de Chia-
pas, 1800 m, 37585 (MEXU); Cerro Brujo, Ocozozoautia
de Espinosa, MacDougall 415 (MEXU); ca. 6 mi. SW of
Motozintia de Mendoza, ca. 1850 m, Croat 47246 (MO),
26-30 mi. N of Motozintla de Mendoza, 9.5-4.5 mi. S of
Siltepec, 1000-1300 m, 47462 (MO); Ojo de Agua, So-
conusco, Nakamura 38 (DS); San Fernando-Moravillas,
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4-66 mi. NW of San Fernando, 840-940 m, 1653'N,
9316'W, Croat & Hannon 65006 (B, MEXU, MO, US);
Mpio. Angel Albino Corzo, above Finca Cuxtepec, 1380
m, Breedlove 52073 (DS); Mpio. Berriozbal, 13 km N of
BerriozAbal, 900 m, 35438 (DS); 16 km NW of Rizo de
Oro, 1600 m, Breedlove & Smith 31382 (DS); Mpio. Ocos-
ingo, Laguna Ocotal Grande, 3300 ft., Breedlove 15683 (F,
MICH); Mpio. Ray6n, Selva Negra, 10 km above Ray6n
Mezcalapa, along road to Jitotol, 1700 m, 23291 (DS);
Mpio. Union Jurez, Volcan Tacan, above Talquian, 2200
m, Breedlove & Almeda 47712 (CAS); Mpio. Villa Corzo,
E base of Cerro Tres Picos, near Cerro Bola, 1500 m,
1610'N, 9315'W, Breedlove & Thorne 30193 (DS). Oa-
xaca: Sierra de Jurez, Highway 175, 6-14 mi. from
bridge at Valle Nacional, ca. 580 m, Moore & Bunting
8891 (BH); Vista Hermosa, 17.9 mi. from bridge at Valle
Nacional on road to Oaxaca, 8919 (BH); 660 m, Croat
78721 (CHIP, MO); 4.3-6 mi. above bridge at Valle Na-
cional, 705 m, 1744'N, 9619'W, Croat & Hannon 65549
(CM, MEXU, MO, NY, US); 14 mi. W of Valle Nacional,
1210 m, Croat 39783 (MEXU, MO), 39796 (MO); 21.5
mi. above Valle Nacional, 1660-1670 m, 48108 (MO);
Teotitlin del Camino-Chilchotla, 2.2 mi. beyond turnoff
to Huautla de Jimnez, 2270 m, 48335 (CM, MO); 3.8 mi.
past turnoff to Huautla de Jimnez, 2265 m, 48369 (MO);
IxtlAn, Rfo Soyolapan watershed, 765-805 m, 1737'N,
9617'W, Boyle et al. 3943 (MO). Tabasco: Teapa-Tac-
otalpa, 3.1 mi. E of Teapa, ca. 0.25 mi. S of highway, 150
m, 1733'N, 9259'W, Croat & Hannon 65376 (MO);



Mpio. Teapa, 7 km SE of Teapa on road to Tacotalpa,
Rancho San Enas, Sierra Madrugal, 70 m, 1735'N,
9250'W, Hammel & Morello 15519 (MO, NY); Rfo Puy-
acatengo, Sierra Madrigal, 7 km E of Teapa, trail from
Centro Regional del Sureste of Universidad Autonoma
Chapingo, 300 m, 1832'N, 9255'W, Schatz et al. 1178
(MO). Veracruz: Veracruz-Oaxaca, Uxpanapa, 150 m,
1705'N, 8435'W, Hammel & Merello 15563 (MO); above
San Jose de Gracia, 1 mi. S of hwy. between C6rdoba and
Veracruz, 750 m, Croat 39618 (MO); Conejo-Huatusco, at
km 45, barranca de Santa Marfa, across hwy. from Haci-
enda El Mirador, Moore & Bunting 8856 (BH); ca. 1200
m, Croat 44013 (MO); Mendoza-Orizaba, Sierra San Cris-
t6bal, Highway 150-D, ca. 3 km SW of Orizaba, 1260-
1400 m, Croat 39549 (CM, MEXU, MO); Fortfn-Huatusco,
Highway 125, 300 m, 1906'N, 9702'W, Croat & Hannon
63107 (B, COL, CR, CM, F, G, INPA, K, LL, M, MO, NY,
QCA, P, PMA, US, VEN); Acajete, 1750 m, Chdzaro &
Robles 3115 (WIS); Mpio. Coacoatzintla, 1300 m, Chdzaro
1053 (F); Mpio. Ixhuacan, Rfo Ixhuacan, El Aguacate-
Putlanalan, Puebla, 1500 m, Chdzaro & Chdzaro 4068
(MO, WIS); Mpio. Jalapa, 8 km NW of Consolapan, 1525
m, ca. 1930'N, 9659'W, Nee 29683 (MO, NY); Coap-
expan, 1470 m, Young 35 (F, MO); Mpio. Tlanelhuayocan,
Barranca del Pixquiac, Rancho Viejo-Ya Vega, 1650 m,
Chdzaro & Ramarillo 3895 (MO, WIS); Mpio. Yecuatla,
Los Capulines, near Paz de Enrfquez, ca. 8 km N of Chi-
conquiaco, 1400-1600 m, 1947'N, 9649'W, Taylor et al.
147 (F, MO, NY).
 
 
Philodendron albisuccus Croat, sp. nov. TYPE:
   Panama. Darin: Parque Nacional del Darin,
   middle slopes on W side of Cerro Pirre, 800-
   1500 m, 756'N, 7745'W, 29 June 1988,
   Croat 68940 (holotype, MO-3589989; isoty-
   pes, B, COL, K, PMA, US). Figures 41-43.
 
 
  Planta hemiepiphytica; internodia 2-3 cm longa, 2.8
cm diam.; succus albus, in sicco calcareus; cataphylla lev-
iter 1-costata vel acute 2-costata, persistentia ut fibrae
tenues, pallidae; petiolus usque 51-72 cm longus, sub-
teres, leviter complanatus basi usque ad medium; lamina
anguste ovata, cordata basi, 50-66 cm longa, 24.5-42 cm
lata; inflorescentia 1; pedunculus (3.7)7-12 cm longus;
spatha 13.5-14.5 cm longa, extus viridis, intus pallide
flaviviridis; pistilla 5-6-locularia; locules cum 18-20
seminibus; baccae albae.
 
  Hemiepiphytic; stem  appressed-climbing, to
75 cm long, to 2.8 cm diam., sap chalky white;
internodes short, usually sparsely covered with cat-
aphyll fibers, 2-3 cm long, 2.8 cm diam., dark
green; roots brownish, few per node, epidermis
smooth to flaking and peeling; cataphylls thin, to
40 cm long, weakly 1-ribbed to sharply 2-ribbed,



sparsely short-lineate, persisting as thin, pale fibers
at upper nodes, then deciduous; petioles 51-72
cm long, 3-7 mm diam., erect-spreading, subterete,
dark green, weakly flattened from near base to mid-
dle, obtusely sulcate at the base adaxially, surface
semiglossy; blades narrow ovate, subcoriaceous,
splitting, long-acuminate at apex (the acumen in-
rolled), cordate at base, 50-66 cm long, 24.5-42
cm wide (1.6-2 times longer than wide), (ca. about
equal in length to petiole), broadest just below
point of petiole attachment, upper surface dark
green, semiglossy, lower surface semiglossy, mod-
erately paler, drying yellow-green; anterior lobe
37-48(54.5) cm long, 23.1-27.4(42.4) cm wide
(4.2-4.4 times longer than posterior lobes);
posterior lobes 8.5-11.5(16.5) cm long, 9.7-
12(18.5) cm wide; sinus hippocrepiform; midrib
flat, concolorous above, bluntly acute, slightly paler
than surface below; basal veins 3-5 per side, with
1 free to base, third and higher order veins coa-
lesced 0.5-2 cm long, the fifth and sixth veins
sometimes coalesced to 5 cm long; posterior rib na-
ked, raised; primary lateral veins (4)6-7(8) per
side, departing midrib at a 60-65 angle, sunken
above, raised to convex below; interprimary veins
darker than surface; minor veins arising from both
the midrib and primary lateral veins; lesser veins
obscure to visible. INFLORESCENCES 1 per axil;
peduncle (3.7)7-12 cm long, 3-3.5 mm diam., pale
green; spathe semiglossy, 13.5-14.5 cm long (1.2-
1.8 times longer than peduncle), weakly constricted
above the tube, green throughout, pale yel-
low-green (greenish brown post-anthesis) within;
spathe tube densely short pale lineate outside, 5-
7 cm long; spadix 12 cm long at anthesis; pistillate
portion 4.3 cm long in front, 3 cm long in back, 8
mm diam. midway, 7 mm diam. at apex; staminate
portion to 10 cm long; fertile staminate portion to
9 mm diam. toward apex, somewhat narrower just
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above the sterile portion, to 5 mm diam. 1 cm from



apex; sterile staminate portion 9 mm diam.; pistils
6-6.3 mm long, 1.8-2.5 mm diam., ovary 5-6-loc-
ular, with axile placentation; ovules 2-seriate, style
similar to style type B; style apex flat; stigma sub-
discoid. INFRUCTESCENCE 6.4 cm long, 3 cm
diam.; berries white; seeds 18-20 per locule.
  Flowering in Philodendron albisuccus is poorly
known with a flowering collection seen in October,
immature fruits in June, and nearly mature fruits
in July.
  Philodendron albisuccus is endemic to Panama,
known only from the Serranfa de Pirre in Darin
Province, at 800 to 1400 m elevation in Premon-
tane rain forest.
  Philodendron albisuccus is a member of Philo-
dendron sect. Philodendron subsect. Cardiobelium
ser. Albisuccosa. The species is characterized by its
short internodes; thin, obscurely one-ribbed cata-
phylls, which persist at the upper nodes as thin,
pale fibers; subterete petioles (about as long as the
blades); the narrowly ovate, moderately cordate
blades with a hippocrepiform sinus; and especially
by the sap in all the cut plant parts, which promptly
tums white and chalky upon exposure to air. Only
one other species in Panama, P cretosum Croat &
Grayum, has chalky sap. Though both species have
chalky sap (a rare feature for Philodendron) and
18-20 ovules per locule, I do not believe them to
be closely related as they show no other features in
common. Philodendron cretosum differs most par-
ticularly in having slender oblong-lanceolate blades
that are 5.1-8.3 Limes longer than wide (vs. 1.6-2
times longer than wide for P albisuccus). Philoden-
dron albisuccus also has the much longer petioles
(51-72 cm long vs. 10-23 cm long for P. cretosum),
more broadly spreading primary lateral veins (60-
65 vs. 25-45 angle for P cretosum). In addition,
P albisuccus has minor veins more distinct than
those of P. cretosum.
  The species is superficially similar to P alticola
Croat and P straminicaule Croat & Grayum, both
of which have blades of similar size, shape, and
color upon drying. Both differ by having the inner
surface of the spathe red rather than green.
  Additional specinmens examined. PANAMA. Darin:
Cerro Sapo. ca. 5 km S of Garachin, 600-800 m, 759'N,
7825'W. Hammel et al. 14820 (MO, US); Cerro Pirre re-
gion. Altos de Nique-Cerro Pirre, ca. 8 km N of Alturas
de Nique. ca. 8 km W of Cana Gold Mine, 1430-1480
mn. Croat 37851 (MO, PMA); Rfo Cana-Rfo Escucha Rui-
do. along ascent of Serranfa de Pirre above Cana Gold
Mine. 1310-1430 m, 37830 (MO, US): Rfo Cana, SW of
Cerro Pirre. vie. of old gold mine at Cana, 1400 m, 27319
(MO): Parque Nacional Darin, slopes of Cerro Mali,
headwaters of S branch of Rifo Pucuro, ca. 22 km E of
 
 



Pucuro, 1300-1400 m, 804'30"N, 7714'W, Cuadros et
al. 3961 (MO).
 
Philodendron alticola Croat & Grayum, sp. nov.
    TYPE: Panama. Chiriquf: Parque La Amistad,
    3.5 mi. W of Cerro Punta, 2 km inside park
    along old abandoned roads and trails, 800 m,
    853'N, 8235'W, 28 Mar. 1993, Croat 74906
    (holotype, MO-4343624-5; isotypes, B, CR, F,
    K, PMA, US). Figures 45-48.
 Planta epiphytica aut hemiepiphytica; internodia (1.5-
2)4-10 cm longa, 2-4 cm diam., in sicco pallide flavi-
brunnea, subtiliter costata; cataphylla usque 28 cm longa,
incostata, in sicco pallide brunnea, decidua; petiolus 42-
70 cm longus, 7-10 mm diam.; lamina ovato-sagittata, 44-
72 cm longa, 21-44 cm lata, sagittata basi, in sicco brun-
nea supra, flavibrunnea infra; inflorescentia 1-2; pedun-
culus 5-12 cm longus; spatha 11.5-14(18) cm longa,
viridis; pistilla (4)5-6(7)-locularia; loculi 12-18-ovulati.
  Epiphytic or hemiepiphytic; stem appressed-
climbing; internodes dark green, promptly gray-
green, finally light brown, semiglossy, finely ribbed,
(1.5-2)4-10 cm long, 2-4 cm diam., drying pale
yellow-brown, epidermis sometimes loosening and
flaking free in small patches; cataphylls sharply
D-shaped with weakly raised margins, pale green,
weakly glossy, drying thin, to 28 cm long, unribbed,
drying pale brown, deciduous at lower nodes, per-
sisting semi-intact at upper nodes with a few ex-
posed pale fibers, in part persisting as pale fibers
at lower nodes with a few pale fibers and small,
thin fragments of pale brown epidermis. LEAVES
erect-spreading to spreading; petioles 42-70 cm
long, 7-10 mm diam., subterete, medium green,
weakly glossy, faintly lineate, obtusely flattened
adaxially, weakly spongy, drying greenish to black-
ened, slightly flattened toward the apex adaxially,
surface drying  matte, sometimes with portions of
epidermis loose and bubbled, tan and translucent;
sheathing subtending an inflorescence, to 6 cm
long; blades narrowly ovate-sagittate, subcoria-
ceous to moderately coriaceous, semiglossy, some-
what bicolorous, weakly and shortly acuminate at
apex, sagittate at base, 44-72 cm long, 21-44 cm
wide (1.6-2 times longer than wide), (about as long
as petioles), broadest somewhat above point of pet-
iole attachment, upper surface dark green, matte,
drying brown to greenish brown and almost matte,
lower surface moderately paler and weakly glossy,
drying yellow-brown; anterior lobe 34-35.5 cm
long, margins convex; posterior lobes 13-26 cm
long, 11-17 cm wide, directed downward; sinus ob-
ovate, 10-19 cm deep; midrib speckled, slightly
paler, drying broadly convex, concolorous above,
narrowly rounded, slightly paler, drying prominent-
ly convex, often flat and irregularly ridged, yellow-
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ish brown below; basal veins 5-6 per side, with the
first free to base, the second coalesced 1-5 cm,
third and higher order veins coalesced 4-7.5 cm
long; posterior rib naked for 1-3 cm; primary lat-
eral veins 5-8 per side, those near end of blade
departing midrib at a 50-65 angle, those in the
lower one-half of blade departing at 80-95 angle,
broadly curved to the margins, obtusely sunken and
slightly paler, drying weakly raised above, convex
and paler than surface, splayed out and downturned
at the midrib, drying weakly raised below; inter-
primary veins inconspicuous; minor veins moder-
ately distinct, fine, arising from both the midrib and
primary lateral veins, drying prominulous, alternat-
ing with secretory canais appearing as intermittent
lines, sometimes branched, blackened and minute-
ly sunken. INFLORESCENCES erect, 1-2 per axil;
peduncle  terete, coarsely striate (coarser on
spathe and base of tube, pale short-lineate other-
wise), weaker toward apex, 5-12 cm long, drying
7-10 mm diam., pale green, drying dark brown;
spathe coriaceous, 11.5-14(18) cm long, scarcely
or not at ail constricted midway, green to yellowish
green throughout, acuminate; spathe blade dark
green throughout, drying dark brown and un-
marked, smooth outside, pale greenish white to
white on upper two-thirds of blade inside; spathe
tube 2.8-4 cm long, 2-3 cm diam., red to red-violet
to purplish on lower one-third of tube inside; spa-
dix 9-14 cm long; pistillate portion pale green,
0.8-1.2 cm long, 1-1.5 cm diam. throughout; sta-
minate portion 8-12.5 cm long; fertile staminate
portion creamy white, stubby, evenly and bluntly
tapered to apex, 1.5-2 cm diam. throughout, broad-
est at the base, much broader than the pistillate
portion; sterile staminate portion 1.5 cm diam.; pis-
tils 3-4 mm long, 1.7-1.8 mm diam., ovary (4)5-



6(7)-locular, with axile placentation; ovules 12-18
per locule, 2-seriate, weakly translucent, 0.4-0.5
mm long, longer than funicle; funicle 0.1-0.2 mm
long, adnate to lower part of partition, style similar
to style type B; central style dome sometimes weak-
ly developed; dried style base raised but flattened
apically with a narrow, pale ring around its outer
miargin; stylar canais emerging as tiny funnels at
base of small apical depressions and arranged sep-
arately in a ring, drying as minute funnels extend-
ing above the surface of the style boss; style apex
weakly concave; central domes and small depres-
sions surrounding stylar canal exits; stigma cover-
ing entire style apex; androecium truncate, oblong
prismatic, margins irregularly 4-5-sided or 4-6-
sided, 0.9-1 mm long; thecae  oblong, ca. 0.3
mmO wide; sterile staminate flowers in part prismat-
Ie, in part weakly clavate or irregularly 4-6-sided,
 
 
1.2-1.8 mm wide. INFRUCTESCENCE in early
fruit to 14 cm long; spathe becoming dark brown
with paler lines in tube; berries white with dried
style bases ca. 2 mm long, brown, with a narrow
smooth ring around its margin; seeds tan, ovoid,
weakly mammiliform, 1.4-1.8 mm long, 1-1.2 mm
diam.
  Flowering in Philodendron alticola is document-
ed by just a few collections and might be bimodal.
Specimens in Panama were collected both in bud
and immature fruit in February (nearly mid-dry
season in Panama), but post-anthesis collections
were also made in August and September. No ma-
ture fruits were seen. The region where P alticola
occurs is decidedly less seasonal (at least in terms
of totally rainless days) than is much of the rest of
Panama. This might induce a less seasonal flow-
ering in Philodendron.
 
  Philodendron alticola is known only from eastern
Costa Rica and western Panama in the region ad-
jacent to the frontier at 800 to 2500 m elevation in
Tropical Lower Montane wetforest or possibly Trop-
ical Lower Montane rain forest. It is one of the most
high-ranging species of Philodendron subg. Philo-
dendron Schott in Central America, hence the name
"alticola" (meaning high-dweller).
  Philodendron alticola is a member of P sect.
Philodendron subsect. Philodendron ser. Fibrosa.
In addition to the high elevations at which it occurs,
the species is characterized by having the inter-
nodes longer than broad and drying yellowish
brown and finely ribbed; by its subterete petioles
about twice as long as the blades, drying darkened
and sometimes with bubbly epidermis; the ovate-
sagittate blades, which dry mostly dark brown
above and yellowish green below with conspicuous



blackened, interrupted and sometimes branched
secretory ducts; and by the usually paired, short-
pedunculate inflorescences with the spathe scarcely
constricted above the tube, green outside, white in-
side on the blade and red to purple on the tube
within. The species is most similar to P stramini-
caule, which is also subscandent and has similarly
colored blades. That species differs in lacking
prominent intermittent laticifers and the fertile sta-
minate portion of the spadix constricted above the
sterile portion; the sterile staminate portion of the
spadix only slightly thicker than the pistillate por-
tion; and a doughnut-shaped style with the style
tubes in the bottom of a concavity upon drying. In
addition, it has only 1 ovule per locule (vs. 12-18
per locule for P alticola). In contrast, P alticola
has conspicuous laticifers, the staminate spadix
scarcely or not at ail constricted above the sterile
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portion, and the sterile portion of the spadix much
thicker than the sterile staminate portion. The dried
style base of P alticola is flat at the apex with erect,
tubular-extensioned stylar pores.
 The species is aiso similar to P schottianum H.
Wendl. ex Schott, which also shares the conspicu-
ous latex canais on the lower blade surface and a
similarly stubby spadix, but that species differs in
having shorter internodes, cataphylls that persist as
a dense mass of fibers (vs. semi-intact or as only a
few pale fibers interspersed with small fragments of
epidermis in R alticola), by its petioles, which dry
smoother and more matte, and by its more broadly
ovate blades, which often have conspicuous cross-
veins.
 Additional specimens examined. COSTA RICA. Li-
m6n: Cordillera de Talamanca, Atlantic slope, Valle de
Silencio, along Rfo Terbi, 0.5-1.5 airline km W of Costa
Rican-Panamanian border, 2300-2400 m, 98'N,
8257'W, Davidse et al. 28735 (CR, MO); S side of un-
named cordillera between Rfo Terbi and Rfo Sinf, 2-4
airline km W of Costa Rican-Panamanian border, 2300-



2500 m, 99-11'N, 8257-58'W, Davidse et al. 28931
(MO). PANAMA. Chiriqui: vie. of Las Nubes, 2.7 mi. NW
of Rfo Chiriquf Viejo, W of Cerro Punta, 2200 m, Liesner
323 (MO, US), 325 (MO, US); Cerro Punta, Las Nubes,
2000 m, Croat 26492 (MO).
 
Philodendron angustilobum Croat & Grayum,
    sp. nov. TYPE: Costa Rica. Heredia: Estacin
    Biolgica La Selva, confluence of Rfo Sarapi-
    quf and Rfo Puerto Viejo, 1026'N, 8401'W,
    50-80 m, Grayum & Chavarrta 8302 (holo-
    type, MO). Figures 49-52, 74.
  Planta hemiepiphytica; internodia 3-6(15) cm longa,
1.5-3 cm diam.; cataphylla 12-33 cm longa, acute 2-cos-
tata; petiolus subteres, 17-54 cm longus, 5-10 mm diam.;
lamina profunde 3-lobata, 30-48 cm longa, 20-48 cm
lata; in sicco atricana vel atribrunnea supra, flavibrunnea
vel atricanibrunnea infra; lobis lateralibus manifeste pa-
tentibus, in sicco denigratis infra; inflorescentia 1-3; pe-
dunculus (4.5)9-11(15) cm longus; spatha (11)13-18 cm
longa, lamina spathae extus interdum suffusa alba; tubo
spathae pallide viridi, extus interdum suffusa marronino
basi; pistilla 7-10-locularia; loculi (1)2-ovulati.
 
  Hemiepiphytic; stem appressed-climbing, grow-
ing to 2.5-6 m high in trees; internodes matte to
weakly glossy, 3-6(15) cm long, 1.5-3 cm diam.,
dark green, drying gray (within 4-6 intemodes),
epidermis drying light brown, semiglossy, often
peeling (underlying stem blackened), fissured
transversely, longitudinally ridged; cataphylls soft
(especially near base), 12-33 cm long, bluntly to
sharply 2-ribbed or sharply 1-ribbed to near the
apex then 2-ribbed below, green, sometimes tinged
red, deciduous, persisting deciduous, intact; peti-
oles 17-54 cm long, 5-10 mm diam., subterete,
 
 
somewhat spongy, dark green, weakly flattened to-
ward apex with an obscure medial rib adaxially,
with adaxial margins rounded to weakly angular,
surface weakly glossy, drying blackened; sheathing
3-9 cm long; blades deeply 3-lobed, subcoria-
ceous, moderately to conspicuously bicolorous, 30-
48 cm long, 20-48 cm wide (1-1.5 times longer
than wide), (0.8-1.8 times longer than petioles), up-
per surface dark green, drying dark gray to dark
brown, semiglossy, lower surface drying dark yel-
low-brown to dark gray-brown, weakly glossy, mod-
erately paler; anterior lobe 28-39 cm long, 8.5-
14(17) cm wide (1.8-1.9 times longer than lateral
lobes), rarely broadest at the base, usually nar-
rowed toward the base (4-12 cm wide just above
the base); sinus arcuate to broadly V-shaped; lat-
eral lobes (7.5)15-22(27) cm long, 3-8(12) cm
wide, broadest usually toward the apex, directed
outward, broadly spreading (90-127 angle), broad-



ly confluent with medial lobe 3.3-6.5 (rarely to 14)
cm, acute; midrib broadly convex to flat-sunken
above, convex, slightly paler than surface, drying
blackened below; basal veins 8-10 per side, pin-
nately arranged along a stout medial rib; posterior
rib not at ail naked or rarely naked for 1-1.5 cm;
primary lateral veins 5-6 per side (45-75 angle
on median lobe), gradually curved to the margins,
sunken above, convex, drying blackened below; in-
terprimary veins weakly raised and darker than sur-
face below; minor veins distinct, darker than sur-
face below, arising from both the midrib and
primary lateral veins. INFLORESCENCES 1-3 per
axil; peduncle (4.5)9-11(15) cm long; spathe
(11)13-18 cm long, 8-10 mm diam. (1.4-1.6(2.4)
times longer than peduncles), greenish white out-
side, greenish white to white within; spathe opening
broadly at anthesis, convolute in only lower one-
half of tube, barely or not at ail constricted above
the tube; spathe blade sometimes tinged white out-
side; spathe tube light green, sometimes tinged ma-
roon at base outside; spadix held erect, not pro-
truded forward, oblong to oblong-tapered, rounded
to bluntly acute at apex, (9.5)11-15.5 cm long,
broadest near the middle, constricted weakly above
sterile staminate portion; pistillate portion pale
green, oblong to oblong-tapered, 4.5-5.7 cm long,
8-10 mm diam. at apex, 8-12 mm diam. at middle,
(5)11-13 mm wide at base; staminate portion 8-11
cm long; fertile staminate portion oblong-tapered,
8-13 mm diam. at base, (6)12-13 mm diam. at
middle, 8-9 mm diam. ca. 1 cm from apex, usually
broader than the pistillate portion; sterile staminate
portion ca. 1 cm diam.; pistils 1.5-3 mm long, 1.1-
1.8 mm diam., ovary 7-10-locular, (0.8)1.1 mmn
diam., with sub-basal placentation; ovules 1(2) per
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locule, contained within transparent ovule sac, 0.6
mm long, usually shorter than funicle, style similar
to style type B; style apex rounded; stigma button-



like, subdiscoid, 1 mm diam., 0.2-0.4 mm high,
covering center of style apex; thecae oblong to ob-
long-ovate, contiguous, sometimes divaricate. JU-
VENILE plants with petioles 8-10 cm long; blades
oblong, rounded to weakly subcordate.
 Flowering in Philodendron angustilobum has
been recorded from the early dry season through
the mid-wet season, including Februrary, March,
May (the greatest number), and August, but too few
collections exist to be certain of phenology.
 
 Philodendron angustilobum ranges from Hondu-
ras (Olancho) to Panama, apparently being restrict-
ed to the Atlantic slope from Honduras to Costa
Rica and ranging from near sea level to 680 m
elevation. In Panama it has been collected on both
slopes near the Continental Divide from 800 to
1430 m elevation, but a juvenile collection from
near sea level in the Canal Area is probably also
this species. It is known from Tropical wet forest
and Premontane wet forest life zones.
 Philodendron angustilobum is apparently a
member of P sect. Tritomophyllum [though M. Gra-
yum (pers. comm.) believes it is closest to P. ligu-
latum, a member of P. sect. Calostigma subsect.
Glossophyllum ser. Glossophyllum]. This species is
characterized by its moderately long internodes,
spongy petioles, and 3-lobed blades, which dry
blackened with broadly spreading lateral lobes that
are much narrower and shorter than the medial
lobes. It is superficially similar to P. mexicanum
Engl., which has sagittate blades that dry green to
brown and occurs typically in much drier habitats.
 The sole Honduran collection might prove to rep-
resent another species or perhaps even a hybrid. It
differs from material collected from Nicaragua,
Costa Rica, and Panama in having the medial lobe
broader, more triangular, and not at ail constricted
at the base.
 Two collections (Croat & Grayum 59933 and
Croat 67616) from the same plant from southwest-
ern Costa Rica near Golfito differ in having the
posterior lobes less narrowed; they may prove to
represent another species.
 
 Additional specimens examined. COSTA RICA. Car-
tago: CATIE, near Quebrada Molina, SE of Florencia de
Turrialba, ca. 680 m, 952'30"N, 8340'W, Grayum 3877
(MO). Heredia: Rfo Guacimal downstream from Monte
Verde, 1300 m, Grayum 5418 (CR, MO). Puntarenas:
Coto Brus, Las Cruces Botanical Garden, near San Vito
de Java, ca. 4000 ft., Croat 32960 (MO); 6 km W of San
Vito de Java, 1200 m, 8049'N, 8258'W, 57230 (MO); ca.
1 km NW of Golfito, 11 km SW of Interamerican Highway,
 
 
<100 m, 811'N, 8312'W, Croat & Grayum 59933 (CR,



F, K, MEXU, MO, US); Golfito-Villa Bricefio, 3.1 mi. NW
of center of Golfito, 30 m, 811'N, 8312'W, Croat 67616
(CM, CR, MEXU, MO). HONDURAS. Olancho: San Es-
teban-Bonito Oriental, along Rfo Olancho, 3.3 mi. SW of
border with Col6n Dept., along Rfo Grande, 350-400 m,
1531'N, 8542'W, Croat & Hannon 64522 (CAS, CR,
EAP, HNMN, K, MO, PMA, US). NICARAGUA. Zelaya:
Rfo Sucio, 2 km E of Bonanza, 140 m, Neill 4024 (MO).
PANAMA. Canal Area: ca. 1 mi. E of Fort Sherman, <25
m, 919'N, 7957'30"W, Croat & Zhu 76283 (MO). Chi-
riqui: Cerro Colorado, 15.6 mi. above bridge over Rfo San
Flix, 1330 m, Croat 48439 (MO), 24 mi. above bridge
over Rfo San Flix, 1430-1500 m, 48489 (MO), 800-
1000 m, 33180 (MO); Gualaca-Chiriquf Grande, near
Lago Fortuna, trail to Rfo Hornito, 845'N, 8218'W,
76372A (MO). Coeld: vie. of La Mesa, N of El Valle de
Ant6n, 800-900 m, 838'N, 8009'W, 67209 (CM, MO).
Panama: Cerro Campana, above Su Lin Motel, 14759
(MO, NY, SCZ).
 
Philodendron anisotomum Schott, Oesterr. Bot.
    Z. 8: 179. 1858. Philodendron fenzlii Schott
    var. anisotomum (Schott) Engl., in A. DC. &
    C. DC., Monogr. Phan. 2: 412. 1879. TYPE:
    Guatemala. Las Nubes, Wendland 321 (lecto-
    type, here designated, GOET). Figures 44, 53-
    56, 75.
 
Philodendron affine Hemsl., Diagn. PI. Nov. Mexic.: 37.
    1879. TYPE: Guatemala. Barranca Honda, Volcan
    de Fuego, 3800 ft., Salvin s.n. (holotype, K).
Philodendron dagilla Schott, Oesterr. Bot. Z. 5: 179.
    1858. TYPE: Costa Rica. Cartago and Aguacate,
    Oersted s.n. (holotype, destroyed). Schott ic. 2592
    (neotype, here designated).
Philodendron trisectum Standl., Publ. Field. Mus. Nat.
    Hist., Bot. Ser. 18: 137. 1937. TYPE: Costa Rica.
    Alajuela: La Palma de San Ram6n, 1050 m, Brenes
    5762 (holotype, F).
 
  Usually a hemiepiphytic vine or sometimes on
rocks; stem appressed-climbing, green as juvenile,
graying with maturity, minutely and densely striate,
sap watery, unscented, leaf scars conspicuous, 8-
10 mm long, 7-9 mm wide; internodes smooth, se-
miglossy, to 2.5 cm long, 4-10 mm diam., usually
longer than broad, medium green to olive-green,
epidermis thin, tan, peeling; roots olive green,
smooth, few per node; cataphylls thin, semispongy,
to 10 cm long, unribbed, bluntly or sharply
1-ribbed, green, drying pale yellow-green, decidu-
ous. LEAVES erect to spreading; petioles 21-57
cm long, (2)3-9 mm diam., terete, moderately
spongy, whitish toward apex, slightly flattened to-
ward apex adaxially, surface dark green striate at
base; blades triangular in outline, deeply 3-lobed,
subcoriaceous, moderately bicolorous, long-acumi-



nate at apex (the acumen apiculate, to 3 mm long),
hastate at base, 20-35 cm long, 20-42 cm wide
(0.8-1 times longer than wide), (0.6-1 times the
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petiole length), upper surface dark green, semi-
glossy to glossy, drying dark brown to dark gray-
green, lower surface semiglossy, paler, drying yel-
low-brown    to   yellow-green;   anterior   lobe
oblong-lanceolate to oblanceolate, almost elliptic,
16-30 cm long, 7-15 cm wide (1-1.3(1.5) times
longer than lateral lobes); lateral lobes broadly con-
fluent 1-3(8) cm with medial lobe, 10-25 cm long,
3-8.7 cm wide, directed outward (90 angle from
midrib), acute to bluntly acute; sinus arcuate; mid-
rib  flat to sunken, paler than surface above,
broadly convex below; basal veins 4-7 per side,
sometimes with last vein free to base, most veins
coalesced 1.5-13 cm, 2 veins coalesced to 17 cm,
drying reddish brown to yellowish brown; posterior
rib naked; primary lateral veins 4-5 per side, de-
parting midrib at a 50-60 angle, narrowly sunken
above, convex below; interprimary veins weakly
sunken and concolorous above, weakly raised and
darker than surface below; tertiary veins visible,
darker than surface below; minor veins fine, close,
weakly visible to distinct below, arising from both
the midrib and primary lateral veins but mostly
from the midrib. INFLORESCENCES erect-spread-
ing, 1 per axil; peduncle 5.5-19.5 cm long, 3-8
mm diam.; spathe 7.4-16.6 cm long (0.8-1.4(1.7)
times longer than peduncle); spathe blade green to
greenish white to creamy yellow, tinged with violet-
purple outside, tinged with violet-purple, at least
sometimes, with yellowish resin canais visible in-
side; spathe tube green outside, 4-6 cm long, 2-
3.5 cm diam., dark violet-purple inside; spadix
sessile; white, drying golden-yellow throughout, ta-
pered,  rounded at apex, 7.5-10.8 cm long,
broadest near the base; pistillate portion pale green
(post-anthesis), ellipsoid, 3.6 cm long, 1.3 cm diam.
at apex, 1.2 cm diam. at middle, 6 mm wide at
base; staminate portion to 8.4 cm long; fertile sta-



minate portion white, ellipsoid, tapered at apex, 8
mm diam. at base, 5 mm diam. at middle, 5 mm
diam. ca. 1 cm from apex, broadest at base, much
narrower than the pistillate portion; sterile stami-
nate portion tannish, 8 mm diam.; pistils (1.5)2.9-
4.4 mm long, 1.7-2.3 mm diam., ovary (6)7-8-loc-
ular, (1)2.2-3.2 mm long, ovule sac 0.7 mm long,
with sub-basal placentation; ovules 3 per locule,
contained within translucent, gelatinous ovule sac,
ca. 0.4 mm long, longer than funicle; funicle 0.2-
0.3 mm long (can be pulled free to base), style
similar to style type B; style apex flat; stigma dis-
coid, 5-6 mm diam., 0.1 mm high, covering center
of style apex; the androecium  prismatic, margins
irregularly 4-6-sided, 0.7-1.1 mm long; thecae ob-
long, 0.3 mm wide,  divaricate; sterile staminate
flowers irregularly 5-6-sided, 1 mm wide. IN-
 
 
FRUCTESCENCE 9.5-16 cm long, peduncle to 14
cm long; spadix to 5.3 cm long, to 3 cm wide; ber-
ries orange, rhomboid; seeds 1-2(3) per locule,
(16)21-22(29) per berry, light brown, 1.5-2 mm
long, 0.5 mm diam., with weak constriction (nipple)
opposite funicular end of seed.
  Flowering in Philodendron anisotomum appears
to be restricted to the rainy season in Central
America. One collection was seen in flower in May
but most are from July through December (the latter
month is sometimes the beginning of the dry season
in parts of Middle America). Immature fruits were
collected from December through July, with mature
fruits known only from March, April, and July.
 
  Philodendron anisotomum ranges from Mexico to
Costa Rica, at 30 to 1800 m elevation. In Mexico,
the species ranges from Nayarit to Oaxaca and
Chiapas mostly along the Pacific coast, but also oc-
curs in Puebla (Ajenjibre) and Morelos (Cuerna-
vaca). One collection, Moore & Bunting 8874, from
near C6rdoba in Veracruz state, appears out of
range for the species.
  Collections from Guatemala are few, but ail are
from the Pacific slope except one collection from
Baja Verapaz between El Chol and Rabinal (Croat
& Hannon 63670). In Honduras and Costa Rica,
the species is nearly restricted to the Pacific slope.
In Costa Rica the species occurs in Premontane
moist forest. Philodendron anisotomum is a member
of P sect. Tritomophyllum.
  This species is distinguished by its deeply three-
lobed blades with frequently much smaller, falcate
lateral lobes broadly confluent with the medial
lobe.
  Philodendron anisotomum is easily confused
with P tripartitum (Jacq.) Schott, which differs in
having proportionately narrower medial lobes



(mostly 3-3.5, rarely to 1.7 times longer than
broad) with 4-9 prominently sunken primary lateral
veins and lateral lobes typically directly more or
less toward the apex. It has only one ovule per
locule and white fruits. In contrast, P anisotomum
has medial lobes less than 1.5-2.8 times longer
than broad with 2-4(5) weakly sunken primary lat-
eral veins and usually much smaller lateral lobes
typically directed outward, as well as 3 ovules per
locule, and orange fruits.
  Material from Nayarit (McVaugh 13363, Moore
& Bunting 8703) is not only geographically isolated
from populations in Puebla, Cuemavaca, and Oa-
xaca, but also differs morphologically by having
much larger blades (medial lobe >23 cm wide)
with the lateral lobes narrowly rounded rather than
pointed.
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  Costa Rican collections differ in sometimes hav-
ing two inflorescences per axil, rather than solitary
inflorescences, which is more typical.
  Philodendron dagilla Schott, published on the
samie page as P anisotomum, was considered a syn-
onym of P tripartitum by Krause (1913), but it is
clearly synonymous with P. anisotomum. Schott dis-
tinguished it from P anisotomum by its longer, less
spreading lateral lobes, but they are well within the
norm.
 
Additional specimens examined. COSTA RICA. 1911,
without locality, Pittier & Durand 3090 (BR); Worthen s.n.
(MO). Alajuela: San Pedro de San Ramn, 1075 m, Bre-
nes 4874(33) (F); San Ram6n, 1500-1600 m, Tonduz
17719 (BM, K, P); San Ramn-Balsa, 2.3 km N of Rfo
Balsa, 1050-1150 m, 1011'N, 8430'W, Stevens 14193
(MO); ca. 5.7 km N of Quebrada Volio, 1100-1150 m, ca.
1008'N, 8429'W, 14165 (CR, MO); San Ram6n-Balsa,
5.7 mi. N of San Ramn, 1200 m, Croat 46837 (MO); San
Ramn-Bajo Rodriguez, 940 m, Croat 78892 (CR, INB,
MO); San Ram6n-San Lorenzo, 1 km S of Balsa, 1100 m,



1010'N, 8429'W, Liesner & Judziewicz 14937 (CR, MO);
1-3 km E of San Ram6n, ca. 1000 m, 1005'N, 8427'W,
Liesner 14198 (B, CR, MO); above Rfo San Luis, 15 km
NW of San Ram6n, 800 m, 1014'N, 8331'W, Lent 3108
(F); Finca Los Ensayos, ca. 11 mi. NW of Zarcero, 900
m, Croat 43522 (MO); Zarcero region, ca. 100 m, Smith
A447 (MO); ca. 7.5 mi. N of Zarcero, ca. 1000 m, Croat
43499 (MO); ca. 15 km N of Zarcero, 1350 m, Williams
et al. 29041 (F); along Rte. 9, ca. 2 km N of Cariblanco
de Sarapiquf, 800 m, 1017'N, 8412'W, Grayum et al.
8098 (MO); Atenas, near old Pan-American Highway,
Gentry 782B (CR, MO); San Luis de Zarcero, Cant6n AI-
faro Ruiz, 1425 m, A. Smith H1178 (F, MO); N of Carrizal,
1440 m, Grayum 3085 (DUKE); Cant6n San Carlos at
Sucre, 975 m, A. Smith H1669 (F, US); San Isidro de San
Ram6n, 1259 m, 1004'46"N, 8426'30"W, Herrera 58
(AAU, M, MEXU, MO); Monteverde Biological Reserve,
Rfo Pefias Blancas, 900 m, 1018'N, 8445'W, Haber &
Bello 7181 (MO); 1250-1350 m, 917'N, 8484'W, Burger
et al. 10770 (CHAPA, CR); Rio Peje, 4 km S of Ciudad
Quesada, 960 m, Lent 1274 (BM, CR, F, GH); Rfo Trojas,
2 km N of La Luisa, 1380 m, 1674 (CR, US). Cartago:
Juan Vinias, 1300 m, Carpenter 608 (US); S slope of Vol-
cAn Iraz6, Standley 36638 (US); Stevens 48 (US). Guan-
aeaste: La Cruz de Abangares, 1400 m, Haber & Bello
2881 (MO); Monteverde, 1400 m, 1022'N, 8449'W, Ha-
ber & Zuchowski 8734 (CR, ENCB, L, MO, QCA); 8 km
NW of Monteverde, 1200 m, 1022'N, 8451'W, Haber &
Zuehowski 9518 (INB, MO). Puntarenas: Cordillera de
Talamanca, foothills around Tres Colinas, 1800-1850 m,
907'N, 8304'W, Davidse et al. 25635 (MO); Canton de
Buenos Aires, Quebrada Dorora (tributary of Rfo Kuiy),
ca. 9 km NE of Ujarrs, 1500 m, 9017'30N, 8316'W,
Grayum 10275 (CAS, CR, INB, K, MO, US); Reserva
Biol6gica Carara Estaci6n Quebrada Bonita, 30 m,
9446'N, 8436'W, Bello & Rojas 2286 (CR, INB, MO).
San Jos: ca. 25 km N of San Isidro del General, along
the Inter-American Highway, 1800 m, 929'N, 8341'W,
Burger & Baker 10078 (CR, F); Finca Micos-Llano Li-
m6n, ca. 8.5 km by road W of Ciudad Col6n, 550-650 m,
9%6'N, 8418'W, Grayum et al. 6096 (MO); San Jos,
Standley 47358 (US), ca. 1130 m, 41210 (US), 47334
(US), 1150 m, 33262 (US); 1.4 km NW of Brazil de Santa
 
 
Ana, 800 m, Taylor 17378 (NY, US); San Sebastin, S of
San Jos, 1160 m, Standley 49293 (US); San Pedro Mon-
tes de Oca-Curridabat, ca. 1200 m, 32830 (US), 1250 m,
41307 (US); Rfo Marfa Aguilar, near San Jos, 1200 m,
38952 (US); Las Pavas, 1070 m, 36085 (US); camino de
Hatillo, near San Jos, 1200 m, 32171 (US); Acosta, Z.P.
Cerros de Escazui, Rfo Tabarcia, 1600-1700 m,
950'52"N, 8404'40"W, Morales 2745 (CR, MO); Valle
del Candelaria, 1000-1050 m, Morales & Gonzdlez 4596
(CR, INB); Santiago de Puriscal, Echeverrta 838 (F). EL
SALVADOR. Ahuachapin: Padilla 60297 (US), 1922,
297 (US), 60 (US); 2-3 mi. NE of Bridge Imposible,



1000-1250 m, Croat 42162 (MO). San Salvador: Tone-
catepeque, Calder6n 200 (US); 650-850 m, Standley
19199 (GH, NY, US). GUATEMALA. Alta Verapaz: Cob-
An, ca. 1300 m, Standley 90275 (F); Semcoch, 17 km
from Sebol, on Cobn Road, Contreras 4714 (LL); 5 mi.
N of Coban, along Highway CA-14, 1300 m, Croat 41406
(MO); 5 mi. S of Cobain, along Highway CA-14, 1300 m,
41364 (MO); San Juan Chamelco, Wilson 41008 (F). Baja
Verapaz: Mpio. Rabinal, El Chol-Rabinal, Highway 6,
8.7 mi. N of El Chol, 1330 m, 1503'N, 9029'W, Croat
& Hannon 63670 (GH, LL, MO, TEX). Chiquimula: Que-
zaltepeque, 1200-1500 m, Steyermark 31198 (F). Escuin-
tla: Escuintla-Santa Lucfa Colz, Rfo Jute-Rfo Pantcaleon,
Standley 63390 (F); Rfo Burri6n, NE of Escuintla, 89605
(F, MEXU). Jalapa: Los Chorras along Rfo Pinule, 1 mi.
W of San Pedro Pinula, 1400 m, Steyermark 32931 (F).
Jutiapa: San Jos Acatempo-Rfo de los Esclanos, Cuesta
de la Conora, 900-1200 m, Standley 60616 (F). Quezal-
tenango: Reserve INDE, "Santa Marfa," km 199, 1200-
1300 m, 1445'N, 9132'W, Croat & Hannon 63435 (B,
BM, CM, MO, NY, US); Calahuach, 1020 m, Standley
67137 (F); below Santa Marfa de Jesuis, 1350-1380 m,
68386 (F); Finca Pirineos-Patzulfn, 1200-1400 m, 86844
(F), 86918 (F). Retalhuleu: Rfo Coyote, 4 km W of Re-
talhuleu, 300 m, 87496 (F). Sacatepquez: near Las La-
jas, 1200 m, 58284 (F); Pueblo Nuevo, 750 m, 66976 (F).
San Marcos: Finca Armenia, near La Trinidad, above San
Rafael, 1100-1250 m, Croat 40826 (MO); La Trinidad.
ca. 2 km from Finca Armenia, above San Rafael, 1100-
1250 m, 40864 (MO); Finca El Porvenir "Numero 6." Vol-
cAn Tajumulco, Steyermark 37140 (F. MEXU); Volcan Ta-
jumulco, above Finca Porvenir, 1300--1500 m, 37358 (F.
US). Santa Rosa: El Molino, ca. 600 m, Standley 78508
(F); VolcAn Jumaytepeque, 6000 pp, Heyde & Lux 4283
(CM, GH, NY, US). HONDURAS. Olaneho: Rfo Olancho,
Gualaco-San Bonito Oriental, 7.4 mi. NE of San Esteban,
540 m, 1520'N, 8542'W, Croat & Hannon 64364 (MO,
VEN). MEXICO. Teas s.n. (MO). Chiapas: 8.5 mi. NE of
Escuintla, on gravel road to El Triunfo, 250 m, Croat
43823 (MO); ca. 4 km N of Ovando Turqufa, 450-850 m,
47575 (MO); Tapachula-Uni6n Juarez, at km 13.5, 1.3 mi.
N of Trinidad, ca. 1000 m, 47212 (MO); San Fernando-
Moravillas, near Lago Malpaso, 4-66 mi. NW of San Fer-
nando, 840-940 m, 1653'N, 9306'W, Croat & Hannon
65029 (CM, MO); Mpio. Angel Albino Corzo, along Rfo
Cuxtepeques near Finca Gadow, 1270 m, Breedlove 40162
(CAS, DS); Barr. Aguas Calientes, Miranda 1740 (MEXU);
finca between Finca Cuxtepeque and Finca Cabaias,
1100 m, Breedlove & Daniel 71160 (CAS); Las Nubes,
Guatimoc, Miranda 1720 (MEXU); Cascada. Sillepe .
1800 m, Matuda 38677 (MEXU); Motozintla de Mendoza-
Huixtla, 15 mi. S of Motozintia de Mendoza, 90() m, Croat
40764 (MO); Esperanza, Escuintla, Matuda 17791
(MEXU, MO), Matuda s.n. (MO), 16661 (F, MEXU,
MICH, MO), 17768 (F, GH, MEXU); Zacatonal. Acacoy-
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agua, 1200 m, 18364 (MEXU); Cerro Ovando, 900-1050
m, Croat 78479 (CHIP, CM, MO, NY); Escuintla, Turqufa,
Matuda 17066 (F, MEXU); Mpio. Angel Albino Corzo,
1380 m, Breedlove & Almeda 56917 (MO); 1380 m, Breed-
love & Strother 46700 (MO); Mpio. Mapastepec, Sierra de
Soconusco, new unfinished road to Tuxtla Gutirrez from
Hwy. 200, (5.5 mi. NW of turnoff to Mapastepec), 6.5-8.5
mi. up road, 1532'N, 9248'W, Croat & Hannon 63339
(B, BM, CM, MO, NY, PMA, US); Mpio. Villa Corzo, E
base of Cerro Tres Picos, near Cerro Baul, 1500 m, Breed-
love 23968 (DS). Jalisco: 20-22 km S of Talpa de Allen-
de, 1200-1450 m, McVaugh 23308 (MICH). Morelos:
near Cuernavaca, Pringle 7015 (GH); Cuernavaca, Rose
& Hough 4438 (US). Nayarit: Tepic-Jalcocotn, near km
20, 700-800 m, Moore & Bunting 8703 (BH); at km 15,
ca. 900 m, 8694 (BH); ca. 4 mi. E of Jalcocotn on road
to Tepic, 750 m, McVaugh 13363 (MICH). Oaxaea: Oa-
xaca-Pochutla, along Highway 175, 55.1 mi. S of Mia-
huatln, 21.9 mi. S of Suchixtepic, 39.7 mi. N of turnoff
to Pluma Hildato, 1540 m, Croat 46108 (MEXU, MO);
Pinotepa Nacional-Tlaxiaco, along Highway 125, 5.8 mi.
N of Putla de Guerrero, ca. 1000 m, 45904 (MO); Oaxaca-
Pochutla, ca. 56 mi. S of Miahuatln, 6.9 mi. N of turnoff
to Pluma Hidalgo, 1480 m, 46116 (DUKE, F, MO). Pueb-
la: Ajenjibre, Bravo 1-4516 (MEXU). Veracruz: Crdo-
ba-Veracruz, Ejido San Jos de Gracia, below Penuelo,
Moore & Bunting 8874 (BH).
 
Philodendron annulatum Croat, sp. nov. TYPE:
    Panama. Panama: El Llano-Cartf road, 5 mi.
    from Pan American Hwy., virgin forest on
    steep slopes, along trail through forest (W side
    of road), 350 m, 917'N, 7858'W, 16 July
    1987, Croat 67346 (holotype, MO 3609133;
    isotypes, B, CM, COL, CR, K, PMA, RSA, NY,
    US). Figures 57-60.
  Planta hemiepiphytica, interdum epiphytica aut terres-
tris; internodia 1-4(11) cm longa, 1.5-3.5 cm diam.; ca-
taphylla obtuse usque acute 2-costata aut incostata; pe-
tiolus subteres, 14-42 cm longus, subspongiosus cum
annulo purpureo apice; lamina oblonga vel oblongo-ovata,
subcordata, 24-73 cm longa, 8-29 cm lata; inflorescentia



1-2(3); pedunculus 3.6-11.5(17) cm longus; spatha 12.3-
22 cm longa, lamina spathae extus alba vel viridalba, in-
tus pallide viridis, tubo spathae extus viridi, intus viridi,
striato rubello vel marronino basi; pistilla (5)7-8-locular-
ia; loculi 1-2(4-5)-ovulati; baccae pallide virides vel al-
bae.
  Usually hemiepiphytic, sometimes epiphytic or
terrestrial; stem appressed-climbing, sometimes
creeping, to 1 m long, sap clear, sticky, sometimes
black pepper-scented, leaf scars conspicuous, to
2.5 cm long, to 1.5 cm wide; internodes semiglossy,
sometimes becoming matte, sometimes scurfy, 1-
4(11) cm long, 1.5-3.5 cm diam., usually longer
than broad, dark green to grayish or grayish green
to brown, epidermis thin, drying brownish, irregu-
larly ridged, frequently transverse fissured, crack-
ing off; roots olive-green to brownish, slender,
0.6-100 cm long, to 3 mm diam., semiglossy, some-
what twisting, drying pale; cataphylls to 34 cm
 
 
long, bluntly to sharply 2-ribbed (ribs to 5 mm
high), green, densely short, dark green lineate or
speckled, sometimes persisting as a rotting mass,
eventually deciduous. LEAVES erect-spreading to
spreading to weakly arching; petioles 14-42 cm
long,  terete, slightly spongy, medium green, ob-
tusely flattened and sometimes with an obscure me-
dial rib near apex adaxially, sometimes with adaxial
margins erect, blunt, surface sparsely dark green
short-lineate or unmarked, sometimes with a purple
ring at apex, sheath 4-9.5 cm long; blades oblong
to oblong-ovate, subcoriaceous, moderately bicolo-
rous, semiglossy, subcordate at base, 24-73 cm
long, 8-29 cm wide (2.5-3 times longer than wide),
(ca. 1.7 times longer than petiole), margins mod-
erately undulate, upper surface dark green, lower
surface paler; anterior lobe 23.5-68 cm long, 11-
27.5 cm wide (10.5-15.6 times longer than poste-
rior lobes); posterior lobes usually narrowly round-
ed and somewhat spreading or broader than long,
rarely cordulate and about as long as broad, 1.5-
6.5 cm long, 4.1-11.6 cm wide; sinus open or
closed with lobes overlapping; midrib flat to broad-
ly convex, slightly paler than surface or concolorous
above, convex to bluntly acute, mostly concolorous,
sometimes minutely speckled, matte or slightly
semiglossy below; basal veins (1)2-3(4) per side,
usually ail free to base, sometimes with 2 united
for up to 2 cm; posterior rib usually absent, never
naked when present; primary lateral veins 6-10 per
side, departing midrib at a 60-70 angle,  straight
to the margins, obtusely sunken, paler than surface
above, convex to weakly raised and darker than
surface below; interprimary veins flat and darker
than surface below; minor veins moderately distinct
to  obscure above and below, arising from both



the midrib and primary lateral veins. INFLORES-
CENCES erect to spreading, 1-2(3) per axil; pe-
duncle 3.6-11.5(17) cm long, to 1.8 cm diam.,
somewhat flattened adaxially, green, sometimes
tinged red, weakly lineate or unmarked; spathe
12.3-22 cm long (1.7-3.4 times longer than pe-
duncle), to 3 cm diam. (when closed), oblong-linear,
acute at apex, weakly constricted above the tube;
spathe blade white to greenish white outside (open-
ing 8.5 cm long, 5.5 cm wide), pale green, with
orange resin canals inside; spathe tube green out-
side, 5-7 cm long, 2.3 cm diam., green, reddish to
maroon or maroon-streaked at base inside; spadil
stipitate to 4 mm long; white, 9-14.7 cm long,
broadest above the middle, weakly constricted
above sterile staminate portion; pistillate portion
pale green, cylindrical, 2.9-5.4 cm long, 0.9-1.3
mm diam., weakly narrowed toward both ends; sta-
minate portion 6.8-12.5 cm long; fertile staminate
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portion white, cylindrical to clavate, weakly tapered
at apex, (5-7)12-15 mm diam. at base, 8-16 mm
diam. at middle, (4)6-9 mm diam. ca. 1 cm from
apex, broadest at middle or at base; sterile stami-
nate portion narrower or broader than pistillate por-
tion, white, 4-15 mm diam.; pistils 1.5-2.1(3.5)
mm long, ovary (5)7-8-locular, 0.8-1.2(2) mm
diam., with sub-basal or basal placentation (or axile
in Croat 69250); ovules 1-2(4-5) per locule, 1-se-
riate, contained within transparent ovule sac, 0.3-
1.7 mm long, longer than or equal in length to fu-
nicle, style similar to style type B; style apex with
the shallow depression completely covered by stig-
ma; style boss sometimes shallow, broad; stigma
discoid to button-like (brush-like), 0.5-1 mm
diam., less than 0.3 mm high, drying with the crown
button-shaped and flat to concave with moderately



large stylar pores around its periphery; the androe-
cium margins 5(4-6)-sided, somewhat scalloped, 2
mm long; thecae oblong, 0.5 mm wide, nearly con-
tiguous, sometimes divaricate; sterile staminate
flowers  rounded. INFRUCTESCENCE (imma-
ture), pale yellow-green outside; spadix to 3 cm
wide, pistillate spadix 8-11 cm long; bernes pale
green to white; seeds tan, 1 mm long, 0.6 mm diam.
JUVENILE petioles sheathed nearly throughout;
blades oblong, obtuse to rounded at base, lower
surface sometimes maroon.
  Flowering in Philodendron annulatum is vouch-
ered by one collection in January, with the vast
majority of post-anthesis collections made primarily
between February through May, and single collec-
tions in August and October. Mature fruits have
been seen for only June and July.
 
  Philodendron annulatum is endemic to Panama,
ranging from Veraguas (Santa Fe) to PanamA and
San Blas (El Llano-Cartf Road), at 100 to 970 m
elevation in Tropical wetforest and Premontane rain
forest.
  Philodendron annulatum is a member of P. sect.
Calostigma subsect. Macrobelium ser. Macrobel-
ium. The species is distinguished by having inter-
nodes somewhat longer than broad and drying light
brown; usually sharply two-ribbed, deciduous cat-
aphylls; somewhat spongy obtusely somewhat flat-
tened petioles with a purple distal ring (hence the
narme "annulatum" from annulatus, meaning "hav-
ing a ring"); oblong to oblong-ovate, subcordate
blades; and one to two inflorescences per axil with
the spathe blade white and the tube green outside
(usually colored or tinged red to maroon within).
  Philodendron annulatum is most easily confused
with P ligulatum Schott. Philodendron correae
Croat also has narrow, usually cordulate leaf bases
 
 
and petioles with a purplish annular distal ring.
Both differ from P annulatum in having narrower
blades broadest at or above the middle and narrow-
est just above the narrowly cordulate base. Alter-
natively, blades of P annulatum are broadest at or
near the base. Philodendron annulatum can also be
confused with narrow-leaved representatives of P
sagittifolium. That species differs in having typi-
cally purple-spotted petioles (and often midribs)
that lack a purplish distal ring.
 
 Additional specimens examined. PANAMA. Codl: 46
km N from Penonom on road to Coclesito, 100 ft., Ham-
mel 1698 (MO); El Cop region, Alto Calvario, on Conti-
nental Divide, 5.2 mi. above El Cop, 930 m, Croat 49186
(COL, K, MO); Alto Calvario above El Cop, ca. 6 km N
of El Cop, 710-800 m, 839'N, 8036'W, 68728 (AAU,



CAS, K, L, M, MEXU, MO, PMA, TEX, US); 860 m,
Folsom 1257 (MO); 4.1 mi. N of El Cop, 680-770 m,
839'N, 8036'W, 74831 (CAS, CM, F, MO, PMA), 74855
(L, MO, PMA); E of sawmill along old logging road, 2600
ft., Hammel 4076 (MO); 4.5 mi. N of El Cop, 2.5 mi. N
of Escuela Barrig6n, 580-740 m, 838'N, 8036'W, Croat
67524 (AAU, COL, MO, US); El Valle region, vie. of La
Mesa, N of El Valle de Ant6n, along E edge of Cerro
Gaital, 900-1000 m, 837'N, 8008'W, Croat 67225
(COL, MO, US); La Mesa, above El Valle, Croat 13467
(MO, SCZ); 775 m, 836'N, 8007'W, 74803 (AAU, CAS,
MO, PMA); 800 m, Croat & Zhu 76676 (MO). Colon: Rfo
Guanche, ca. 1 km upstream from bridge at the Col6n-
Portobelo Road, 100 m, 930'N, 7939'W, Croat 75191
(CM, MO, TEX); Rio Iguanita, ca. 3 km above the bridge
on Portobelo road, <100 m, 927'N, 79040'W, 49760
(CM, MO). Panami: El Llano-Cartf, 10 mi. from Pan-
American Highway, 350 m, 914'N, 79W, Knapp et al.
4727 (MO); 450 m, 914'N, 790W, Knapp & Huft 4431
(MO); 7.5 km N of highway, Folsom 2555 (MO); 5-6 mi.
N of highway, 350-375 m, Croat 34762 (MO); ca. 16-18
km from highway, 400 m, Tyson & Nee 7344 (F, MO), 7357
(MO, US); 4 mi. from highway, Croat 33731 (MO, NY);
3-3.5 mi. NE of Altos de Pacora, 700-750 m, 915'N,
79025'W, 68696 (CM, KYO, MO, PMA, RSA); Cerro Jefe
region, 750-800 m, 9014'N, 7922'W, 67088 (MO); 850
m, 67054 (MO); ca. 0.5 mi. below tower, 700-800 m,
915'N, 79'30'W, Thompson 4789 (MO); 800 m, Sullivan
211 (MO); 21 km above Pan-American Highway, ca. 6()
m, Croat 35889 (MO); 4.6 km beyond peak on road to
Altos de Pacora, 26.3 km from the Inter-American High-
way, 600 m, 35895 (MO); 0.8 mi. beyond turnoff to Altos
de Pecora, 970 m, 843'N, 8217'W, Croat & Zhu 76620
(MO); Rfo Teralde, on road 8 km from Pan-American
Hwy., 400 m, 908'N, 79W, Knapp 1825 (MO). San Blas:
El Llano-Cartf Road, 14 mi. N of Pan-American Highway,
300 m, 915'N, 79W, Croat 69247 (CM, DUKE, MO,
TEX), 69250 (CM, MO, NY); 14.5 mi. N of highway, 350
m, 915'N, 79W, McPherson 9508 (MO, PMA); 10.1 mi.
N of highway, 300 m, Croat & Zhu 76540 (MO); 1 mi. S
of Nusagandi, 9 mi. N of Interamerican Highway, 350 m,
920'N, 79W, Croat & Zhu 77013 (MO); 76568 (MO,
US); 76569A (MO); 10.1 mi. N of main highway, 300 m,
9020'N, 79W, Croat & Zhu 76540 (MO); near Nusagandi,
along Sendero Nusagandi, 300-350 m, 915'N, 79W, Mc-
Pherson 10756 (MO); 1-5 mi. N of Nusagandi, 250-300
m, 916'N, 79W, Thompson 4661 (CM). Veraguas: Santa
Fe region, Santa Fe-Rfo San Luis, past Escuela Agricola
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Alto de Piedra, 8 mi. N of school, 450 m, 833'N,
8108'W, Croat 66954 (K, MO, NY, PMA, QCA); 0.2 mi.
beyond fork in road at Escuela Agricola Alto Piedra, 750
m, 33971 (MO).
 
Philodendron antonioanum Croat, sp. nov.
    TYPE: Panama. Veraguas: vie. of Santa Fe,
    along road between Alto Piedra and Calov-
    bora, 0.5 mi. N of Alto Piedra, on slopes of
    Cerro Tute, Parque Nacional Cerro Tute, 1030
    m, 15 July 1994, Croat & Zhu 76909 (holo-
    type, MO-4619868-9, MO-4619871-2; iso-
    types, B, CAS, COL, CR, F, GH, K, MEXU,
    MO, NY, PMA, SCZ, US, VEN). Figures 61-
    64.
  Planta hemiepiphytica; internodia brevia, 4-7 cm
diam.; cataphylla rubra, acute 2-costata, persistentia ut
fibrae tenues; petiolus 28-91 cm longus, obtuse complan-
atus adaxialiter; lamina ovata, 26-86 cm longa, 18-57 cm
lata, nervis primariis lateralibus 5-6 utroque; inflorescen-
tia 2; pedunculus 6-7 cm longus; spatha 15-16 cm longa;
lamina spathae extus viridalba, intus alba suffusa rubella
in dimidio inferiore; tubo spathae in superficibus ambabus
marronino; pistilla 5-locularia; loculi 25-30-ovulati.
  Hemiepiphytic; larger stems drying reddish
brown, smooth, and coarsely striate at nodes, small-
er stems drying light yellow-brown, glossy, and fine-
ly longitudinally ribbed, finally dark brown and
transversely finely cracked; internodes short, 4-7
cm diam., broader than long; roots to 30 cm long,
numerous per node, drying reddish brown, weakly
glossy, and somewhat ridged; cataphylls 35-39 cm
long, sharply 2-ribbed, red, broadly sulcate abaxi-
ally, persisting as pale brown fibers densely cloth-
ing the entire apex of the stem with tiny fragments
of reddish brown epidermis persisting among the
fibers; petioles 28-91 cm long, 1.5-2 cm diam.,
subterete, obtusely flattened adaxially, weakly
1-ribbed near apex, broadly and obtusely sulcate,
to 3.5 cm diam. near base, dark green (reddish
brown when young), drying reddish brown and
matte, surface moderately glossy, prominently stri-
ate-lineate throughout; blades broadly ovate, mod-
erately coriaceous, bicolorous, semiglossy, 26-86
cm long, 18-57 cm wide (1.2-1.5 times longer than
wide), margins broadly and sparsely undulate, up-
per surface drying dark brown to gray-brown, lower
surface drying reddish brown; sinus hippocrepiform
to obovate, 4-18 cm deep; midrib fiat and slightly



paler than surface, drying convex and darker than
surface above, convex, sometimes tinged reddish,
drying obtusely angular, grayish brown, and sparse-
ly short pale-lineate below; basal veins 7 per side,
with the first and second free to base, the third
through sixth veins coalesced to 7 cm, posterior rib
barely naked near the base, weakly curved; primary
 
 
lateral veins 5-6 per side, departing midrib at a
40-50 angle, drying reddish brown below, obtusely
and deeply sunken, concolorous, drying raised and
somewhat darker above, convex,  concolorous,
drying concolorous, matte below; minor veins mod-
erately distinct, drying prominulous above and be-
low, arising from both the midrib and primary lat-
eral veins, secretory canais appearing but not
obvious below; "cross-veins" numerous,  trans-
verse. INFLORESCENCES 2 per axil; peduncle 6-
7 cm long, 1.5 cm diam., magenta, conspicuously
white-striate toward the apex; spathe 15-16 cm
long, weakly constricted midway, weakly glossy,
moderately coriaceous, drying reddish brown on
both surfaces, acuminate at apex; spathe blade
greenish white outside, white, tinged reddish in
lower half inside; spathe tube inflated, dark maroon
outside, to 7 cm long, 5.8 cm diam., dark maroon
inside; spadix 15 cm long; pistillate portion 3.5-5
cm long in front, 3.3-3.7 cm long in back, 2-2.5
cm diam. at apex, 2.3-3 cm wide at base; staminate
portion 9-11.7 cm long; fertile staminate portion
gradually tapered toward apex; sterile staminate
portion 2.5-2.6 cm diam.; pistils 3.2-3.5 mm long,
creamy brown, ovary 5-locular, ca. 0.4 mm long,
with-parietal placentation; ovules 25-30 per locule,
2-3-seriate; funicle ca. 0.2 mm long, style 1 mm
diam., similar to style type B; style apex fiat, with
small depressions; stigma 1.3-1.5 mm diam., 0.4
mm high, covering entire style apex; the androe-
cium margins sharply 4-6-sided, 0.6-1.2 mm diam.
at apex; sterile staminate flowers rounded to bluntly
4-6-sided, larger toward the base, 0.6-2.8 mm
wide.
  Flowering in Philodendron antonioanum proba-
bly takes place in the early rainy season. Two fertile
collections have been seen, one with immature
fruits in June and one post-anthesis in July.
 
  Philodendron antonioanum is endemic to central
Panama and known only from the type locality at
Cerro Tute and at El Cop at 800 to 1200 m ele-
vation in Tropical Lower Montane rain forest. Philo-
dendron antonioanum is a member of P sect. Philo-
dendron subsect. Philodendron ser. Fibrosa. The
species is distinguished by its red, sharply tw>
ribbed cataphylls, which persist as fibers; its sub-
terete petioles longer than the blades; broadly ovate



reddish brown drying blades with 5-6 primary lat-
eral veins; and by the stout inflorescences with
scarcely constricted spathes having the tube ma-
genta on both surfaces.
  Philodendron antonioanum is most easily con-
fused with Philodendron tysonii, a species with
which it may occur. Both species occur at higher
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elevations, and have subterete petioles longer than
blades, large, ovate, glossy blades, and red or red-
dish cataphylls persisting as fibers. Philodendron
tysonii differs in having mostly unribbed cataphylls
and blades with usually 6-10 primary lateral veins
and with the upper surfaces drying usually more or
less blackened and smooth, in contrast to blades
with 4-6 primary lateral veins and with upper sur-
faces drying gray-green with prominulous cross-
veins as in P antonioanum. In addition, P tysonii
has more prominently pedunculate inflorescences
with green spathes, which are merely tinged red on
the tube outside and are proportionately more slen-
der and more constricted above the tube rather than
being dark magenta on the tube and barely con-
stricted above the tube as in P antonioanum. Fi-
nally, the species differ in the nature of ovules, with
P tysonii having ovaries (5)6-8(9)-locular with sub-
basal placentation and (4)5-7 ovules per locule
borne in an envelope, while P antonioanum has
ovaries 5-locular with parietal placentation and
about 30 ovules per locule not borne within an en-
velope.
  The species is named in honor of Thomas An-
tonio of the Chicago Botanic Garden, who was res-
ident botanist in Panama for the Missouri Botanical
Garden and who first collected the species in June
1980.
 Additional specimens examined. PANAMA. Codel:



Alto Calvario above El Cop, ca. 6 km N of El Cop, 710-
800 m, 839'N, 8036'W, Croat 68766A (MO); 930 m,
49197 (CM, M, MO); along Continental Divide, 900-1000
m, 839'N, 8036'W, 75051 (MO). Veraguas: vic. of
Santa Fe, along road between Alto Piedra and Calovbora,
0.5 mi. N of Alto Piedra, on slopes of Cerro Tute, 1150
m, Antonio 4945 (MO, PMA).
 
Philodendron aromaticum Croat & Grayum, sp.
    nov. TYPE: Costa Rica. Lim6n: 3.5 airline km
    S of Islas Buena Vista in the Rfo Colorado, 16
    airline km SW of Barra del Colorado, 10-120
    m, 1039'N, 8340'4"W, 15-16 Sep. 1986,
    Davidse & Herrera 31212 (holotype, MO-
    3582209-10; isotype, US). Figures 66-68.
 Planta plerumque epiphytica; internodia 2-3 cm longa,
1.5-3.5 cm diam.; cataphylla acute 2-costata, decidua; pe-
tiolus subteres, 33.5--66 cm longus, subspongiosus; lam-
ina ovato-cordata, 33-55 cm longa, 17-26 cm lata, in sic-
co canoviridis supra, viridis vel brunneiviridis infra;
inflorescentia 1; pedunculus 4.5-9.4 cm longa; spatha 15-
20 cm longa, lamina spathae extus atriviridi, intus pallide
marronina vel alba; tubo spathae atrimarronino; pistilla 9-
0(11)-locularia; loculi 2-3-ovulati.
 
 Usually epiphytic, sometimes hemiepiphytic (of-
ten occurring high in canopy), rarely terrestrial (ac-
cidentally); stem usually appressed-climbing,
 
 
creeping, brownish, sap sweet, turpentine- to bur-
seraceous-scented; internodes weakly glossy, mi-
nutely striate longitudinally, 2-3 cm long, 1.5-3.5
cm diam., usually broader than long, dark to me-
dium green, drying brown, epidermis fissured lon-
gitudinally; roots moderately few, drying reddish
brown; cataphylls sharply 2-ribbed, D-shaped,
deciduous, margins sharply raised. LEAVES
erect-spreading to spreading; petioles 33.5-66 cm
long,  terete, somewhat spongy, dark green, ob-
tusely to weakly flattened adaxially, surface weakly
glossy, not noticeably marked, drying 8-15 mm
diam., usually greenish dark brown; blades ovate-
cordate, subcoriaceous, glossy, weakly bicolorous,
acuminate to long-acuminate at apex (the acumen
inrolled, 7-11 mm long), cordate at base, 35-55
cm long, 17-26 cm wide (2.1 times longer than
wide), (0.8-1 times longer than petiole), margins
weakly undulate; upper surface dark green, semi-
glossy, drying gray-green, lower surface glossy to
semiglossy, paler, drying green to brownish green;
anterior lobe 30.5-41 cm long, 16-26 cm wide
(2.6-2.9 times longer than posterior lobes); poste-
rior lobes 10.5-15.8 cm long, 7-13 cm wide,
rounded at apex; sinus spathulate, 12 cm deep;
midrib flattened, slightly paler than surface above,
raised to convex, paler than surface below; basal



veins 5-6 per side, with none or rarely 1 free to
base, two to three veins coalesced 2.7-5.5(6.3) cm;
posterior rib naked for 4 cm; primary lateral veins
5-7 per side, departing midrib at a 70-80 angle,
straight to the margins, weakly and narrowly sunk-
en above, convex and paler than surface below; mi-
nor veins moderately obscure to clearly visible be-
low, arising from both the midrib and primary
lateral veins. INFLORESCENCES 1 per axil; pe-
duncle 4.5-9.4 cm long, 0.08-0.15 cm diam.,
green, weakly striate; spathe semiglossy, 15-20 cm
long (2.1-3.3 times longer than peduncle), con-
stricted above the tube, dark green throughout, pale
maroon to white inside; spathe tube oblong-ellip-
soid, weakly wrinkled longitudinally outside, 6-9
cm long, dark maroon, suffused onto blade inside;
spadix sessile; greenish white to white throughout,
oblong, 12-16.9 cm long; pistillate portion creamy
white to pale green, cylindrical, 5-13 cm long, 6-
12 mm diam. at apex, 12 mm diam. at middle, 5-
10 mm wide at base; staminate portion 7-11 cm
long; fertile staminate portion white, ellipsoid, 1 cm
diam. at base, 1.4 cm diam. at middle, 6 mm diam.
ca. 1 cm from apex, broadest at the middle, slightly
broader than the pistillate portion, narrower than
the sterile portion; sterile staminate portion broader
than the pistillate portion, white, 1.5 cm diam.; pis-
tils 3 mm long, 1.1-1.3 mm diam., ovary 9-10(11)-
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locular, 1.8 mm long, 1.2 mm diam., with sub-basal
placentation; ovules 2-3 per locule, contained
within translucent or transparent ovule sac, 0.3 mm
long,  equal in length to funicle, style similar to
style type B; style crown about as broad as ovary;
central style dome well developed; style apex with
central domes; stigma discoid, weakly lobed, 1.1
mm diam., 0.2-0.3 mm high, covering entire style
apex, depressed medially; the androecium margins
mostly 5-sided, sometimes 4-6-sided; thecae ob-
long to ovate, 0.4 mm wide.
  Flowering phenology in Philodendron aromati-
cum is unclear since too few collections exist, al-



though present collections might suggest bimodal-
ity. Post-anthesis collections have been made in
September, October, and in February. Immature
fruiting collections have also been made in the
same months, and mature fruiting collections have
been made in September.
  Philodendron aromaticum is endemic to the At-
lantic slope of northwestern Costa Rica from sea
level to 360 m elevation in a Tropical wetforest life
zone.
  Philodendron aromaticum is a member of P sect.
Calostigma subsect. Macrobelium ser. Macrobel-
ium. The species is characterized by its thick, bare,
short intemodes; sharply two-ribbed, deciduous
cataphylls; moderately spongy, obtusely flattened
petioles longer than the blades; ovate-cordate
blades drying gray-green on the upper surface and
green to brownish green below; and by its solitary
inflorescence with a short peduncle and green
spathe, which is maroon on the tube within. Also
characteristic is the mucilaginous, aromatic sap of
the petioles (hence the name).
  Philodendron aromaticum is most easily con-
fused with P sagittifolium, but that species typi-
cally has more elongate blades, which dry usually
reddish brown; basal veins free or at least not form-
ing a posterior rib that is naked at the sinus; and
often more than a single inflorescence per axil. In
contrast, P aromaticum has blades with a promi-
nent posterior rib naked along much of the sinus.
 
  Additional specimens examined. COSTA RICA. Car-
tago: Turrialba, Dress 6331 (BH; cultivated). Heredia:
San Jos-Pto. Viejo, vie. of Chilamate, 11.6 mi. N of Car-
iblanco. 100 m, 1027'N, 8405'W, Croat 68382 (CAS,
CR, F. G, L, M, MO); La Selva Field Station, Puerto Viejo
de Sarapiquf, along El Surd Trail, 100-150 m, 44315
(MO); ca. 100 m, Folsom 8963 (DUKE); 9438 (DUKE);
Grayum 2686 (DUKE); Hammel 10733 (DUKE); Croat
61214 (MO). Limon: 2-3.5 airline km SSE of Islas Buena
Vista in the Rfo Colorado, 14 airline km SW of Barra del
Colorado. 10-120 m, 1040'N, 8340'W, Davidse & Her-
rera 31136 (CR, MO, US); Cerro Coronel, 10-80 m,
8339'30"W, 1040'30"N, 31481 (CR, MO); 20-170 m,
 
 
1041'N, 8338'W, Stevens 23764 (MO); 2 km W of Rio
Toro Amarillo, on road W from Gupiles, 275 m, 1013'N,
8350'W, Thompson & Rawlins 1197 (CM); Rio Sierpe, 5
km NE of La Aurora, Gu{piles, 30 m, 1022'N, 8331"W,
Robles 2189 (CR); 2238 (CR, MO); Rfo Frfo-Lim6n, vie.
of Rfo Blanco, W of Gupiles, 360 m, 1012'N, 8349'W,
Croat 68423 (B, CR, K, MO); Refugio Nacional de Vida
Silvestre, Rfo Chirripocito-Rfo Sardina, 12 m, 1038'N,
8345'W, Grayum 9778 (CR, MO).
 
Philodendron aurieulatum Standl. & L. O. Wil-



    liams, Ceiba 3: 108. 1952. TYPE: Costa Rica.
    Puntarenas: Esquinas forest preserve, Esqui-
    nas Experiment Station, region between Rfo
    Esquinas and Palmar Sur de Osa, 60 m, Allen
    5697 (holotype, EAP; isotypes, F, US). Figures
    12, 20, 23, 65, 69-72.
  Usually epiphytic, sometimes epilithic, rarely
terrestrial; stem appressed-climbing, creeping, leaf
scars conspicuous, 2.5-3 cm long, 2.5-3.5 cm
wide; internodes short, scurfy, 1-4 cm long, 1.5-
5.5 cm diam., usually broader than long, dark
green, drying becoming light tan with age; roots
purplish maroon at base, brownish green or yellow
at apex, pubescent, tapered, slender, to 27 cm long,
3-4 mm diam., few per node, sometimes emerging
through the cataphylls at the nodes; cataphylls sub-
coriaceous, sometimes moderately spongy, 13-50
cm long, sharply 2-ribbed, pale green, drying
brown, several persisting intact, eventually decid-
uous, emarginate with subapical apiculum at apex.
LEAVES mostly erect or erect-spreading; petioles
24-53 cm long, 7-23 mm diam., erect to spreading,
subterete,  spongy, green, somewhat flattened at
base adaxially, rounded abaxially, surface short,
dark, green-lineate and with dark green ring at
apex; blades usually oblong-oblanceolate, rarely
oblong-elliptic, broadest from middle to above mid-
dle, with narrow auriculate lobes, subcoriaceous,
bicolorous, acuminate at apex (the acumen inrol-
led), usually narrowly cordulate or auriculate at
base, 37.5-75 cm long, 9-23 cm wide (3.3-4.2
times longer than wide), (1.4-1.6 times longer than
petiole), broadest at the middle, upper surface dark
green, drying pale yellow-green, semiglossy, lower
surface slightly paler green, semiglossy; sinus 7-
14 mm deep; midrib broadly convex at base be-
coming flattened toward the middle, eventually
weakly sunken at apex above, green, with dark
green lineations, midrib convex at base, eventually
narrowly convex at apex below, green-striate, pater
than surface; primary lateral veins 7-10(11) per
side, departing midrib at a 80-85 angle,  straight
to the margins, sunken, concolorous above, raised
to round-raised, paler than surface below; interpn-
mary veins numerous, usually as conspicuous as
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primary lateral veins; minor veins arising mostly
from the midrib, fewer from the primary lateral
veins; lesser veins obscure above, fine, moderately
conspicuous and darker than surface below. IN-
FLORESCENCES  erect, 1-2 per axil; peduncle
7-11.3 cm long, 9-11 mm diam., medium to pale
green, unmarked, semiglossy; spathe erect-spread-
ing, subcoriaceous, 13-14.5 cm long (1.2-1.8 times
longer than peduncle), weakly constricted midway
(6 cm above base); spathe blade broadly flattened,
curved weakly forward, pale greenish outside, to 9
cm long (opening elliptic in face view, 5.5 cm
wide), pale green, heavily suffused with red (B &
K Red-Purple 3/10) throughout inside; spathe tube
oblong-ellipsoid, medium to dark green outside,
densely short lineate throughout outside, 6 cm long,
3.5 cm diam., red to maroon (B & K Red-Purple
3/10) at base, weakly so toward apex inside; spadix
oblong (weakly tapered or weakly clavate), 11-24
cm long, broadest usually at the middle; pistillate
portion medium to dark green, tapered toward the
apex, 2.3-4.2 cm long, 2.7-4.3 cm long in front,
2.4-2.7 cm long in back, 8-12 mm diam. at apex,
9-15 mm diam. at middle, 5-7 mm wide at base;
staminate portion 9.5-12 cm long; fertile staminate
portion weakly tapered or weakly ellipsoid, 8-16
mm diam. at base, 10-16 mm diam. at middle, 6-
10 mm diam. ca. 1 cm from apex, broadest at the
middle or  uniform, broader than or as broad as
the pistillate portion, as broad as the sterile portion;
sterile staminate portion broader than or as broad
as the pistillate portion; sterile staminate portion
0.7-1.5 cm diam.; pistils to 2.6 mm long, to 1.6
mm diam.; ovary 5-7(8-9)-locular, 0.7-1.2(2.1)
mm long, (0.7)1.1-1.3 mm diam., with sub-basal
placentation; ovules (3)4 per locule, 1-seriate (or in
2 series of 2), contained within translucent ovule
sac, if present, 0.2-0.4 mm long, usually longer
than funicle, style similar to style type B; style
crown usually as broad as ovary; stigma discoid,
0.7-1 mm diam., 0.1--0.3 mm high, covering entire
style apex; the androecium margins 4-6-sided and
scalloped, 1-2.3 mm diam. at apex; thecae oblong
(elliptical, slightly obovate); sterile staminate flow-
ers irregularly rounded to bluntly 5-sided, 2.3-3
mm long, 1-1.5 mm wide, white. INFRUCTES-
CENCE with bernes orange.



 Flowering phenology in Philodendron auricula-
tutn is unclear, but possibly flowering is initiated
in the late rainy season. Only a single flowering
collection exists (October), but there are a modest
number of collections collected post-anthesis dur-
ing the dry season and early rainy season (January
through June). A single mature fruiting collection
was made in January.
 
 
  Philodendron auriculatum occurs only in south-
western Costa Rica on the Pacifie slope from San
Jos and Puntarenas Provinces (as far west as Car-
ara), ranging from near sea level to 1200 m ele-
vation in Tropical wet forest life zones.
  Philodendron auriculatum is a member of P.
sect. Calostigma subsect. Glossophyllum ser. Glos-
sophyllum. This species is characterized by short
internodes, sharply two-ribbed, deciduous cata-
phylls, moderately long, markedly spongy, some-
what flattened petioles (averaging slightly shorter
than the blades), oblong-elliptic to oblong-oblan-
ceolate, pale yellow-green-drying blades, which are
usually narrowly cordulate at base, and one to two
greenish inflorescences, which are red to maroon
within at base.
  Philodendron auriculatum is probably most
closely related to P pseudauriculatum Croat, which
ranges along the Atlantic slope of Central America
from Nicaragua to Panama and also on the Pacific
slope of Panama near the Continental Divide (as
well as the Serranfa de Cafiasas and Serranfa de
Pirre). That species differs in its usually darker
gray-green-drying leaf blades with a dark green
ring at the apex of the petiole, and in having the
leaf base acute, rounded, or broadly subcordate at
base (lacking the narrow auriculate lobes so com-
mon for P. auriculatum). In addition, P pseudaur-
iculatum has the whitish spathe clearly demarcated
from the contrasting green peduncle. In contrast, P
auriculatum has a yellowish green spathe that is
not at ail demarcated from the peduncle.
 
 Additional specimens examined. COSTA RICA. Pun-
tarenas: near Inter-American Highway in vie. of Piedras
Blancas, Croat 32956 (CR, MO); hills N of Palmar Norte,
along trail to Jalisco, 50-700 m, Croat 35205 (MO); cove
at NE base of peninsula, 3 km S of Puerto Quepos, 0 m,
924'N, 8410'W, Grayum & Sleeper 6612 (CR, K, MO,
US); El General Valley, along Rfo Sonador, near Pan-
American Highway, 600 m, Williams et al. 28808 (F);
along the Rfo Cacao above Pan-American Highway, 900
m, Williams et al. 28687 (F); Las Cruces Tropical Botan-
ical Garden, Cant6n Coto Brus, 6 km W of San Vito de
Java, 1200 m, 849'N, 8258'W, Croat 57268 (MO); 8.8
mi. N of Villa Neily, 1010 m, 66171 (MO); Osa Penfnsula,
vie. Boscosa, Croat & Hannon 79297 (INB, MO); Esqui-



nas Ridge, 150-250 m, Gdmez 19677 (MO, NY, RSA, US);
Rinc6n de Osa, Liesner 1819 (F. MO); ca. 5 km W of
Rinc6n de Osa, 50-200 m, 842'N, 8331'W, Burger &
Liesner 7298 (F, MO, PMA); 7306 (CR, F); 50-200 m,
842'N, 8331'W, Burger & Gentry 8978 (CR, F); 842'N,
8331'W, Aguilar 1507 (INB, MO); Piedras Blancas-Rin-
c6n, 3.7 mi. W of Pan-American Highway, 90-105 m,
8046'N, 8318'W, Croat 67691 (MO); Quebrada Aparicio-
Quebrada Aguabuena, Rinc6n de Osa, 200-400 m,
842'N, 8331'W, Grayum et al. 4013 (MO); Chacarita-
Rinc6n de Osa, ca. 6 km W of Inter-American Highway
at Chacarita, 100 m, 845'N, 8318'W, Croat & Grayum
59730 (CM, CR, K, MO, SAR); Parque Nacional Corco-
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vado, Sirena, 0-150 m, 8027-30'N, 8333-38'W, Kernan
25 (CR, MO); Estaci6n Sirena, S of Rfo Sirena along Rfo
Camaronal, 0 m, 828'N, 8335'W, Knapp 2188 (CR, L,
MO, US); Talamanca Range, Pacific slope, forested foot-
hills of mountains E of Quepos, 150-250 m, 929'N,
8403'W, Burger et al. 10603 (F, MO). San Jos: Puriscal,
Z.P. La Cangreja, 300 m, Morales et al. 3239 (CR, INB);
Caara-El Sur de Turrubares, 280-370 m, 945'30"N,
8432'W, Grayum 10445 (CR, INB, MO).
 
Philodendron bakeri Croat & Grayum, sp. nov.
    TYPE: Costa Rica. Guanacaste: W slope of
    Cerro Nubes, ca. 2 km E of Silencio de Tilar-
    n, large patch of remnant primary forest, 900
    m, 1028'N, 8453'W, Grayum, Herrera &
    Sleeper 4992 (holotype, MO-3392250; isoty-
    pes, CR, DUKE). Figures 77, 78.
 
  Planta hemiepiphytica; internodia pleurumque longiora
quam lata, (2)7-9 cm longa, (0.7)1-1.5 cm lata; cataphylla
5-10 cm longa, acute 1-costata aut raro vel acute 2-cos-
tata, decidua; petiolus subteres, 4-12 cm longus, 2-4(6)
mm diam.; lamina plus minusve oblonga aut anguste ob-
longa vel oblanceolata, basi cuneata vel rotundata, 12-
25.5 cm longus; inflorescentia 1; pedunculus 2.6-5.2 cm
longus, 2-5 mm diam.; spatha 7-11.5 cm longa; lamina
spathae extus pallide viridi vel crema suffusa rubra vel
marronina, intus viridi vel albida suffusa rubra; tubo spa-



thae intus atrimarronino, rubro aut carmesino; pistilla 5-
8(10)-locularia; loculi 1(2)-ovulati; baccae aurantiaceae.
 
  Hemiepiphytic; stem scandent, slender, to 1.5 m
long; internodes (2)7-9 cm long, (0.7)1-1.5 cm
diam., usually longer than broad, medium green, 
matte, becoming light brown, epidermis fissured
minutely longitudinally upon drying; roots dark
brown, thin; cataphylls subcoriaceous, 5-10 cm
long, unribbed, bluntly to sharply 1-ribbed or rarely
sharply 2-ribbed, green to reddish or maroon, de-
ciduous, narrowly rounded at apex, margins clear.
LEAVES spreading; petioles 4-12 cm long, 2-4(6)
mm diam., spreading, subterete to C-shaped, some-
times tinged reddish, sometimes maroon at base,
obtusely somewhat flattened or bluntly sulcate
adaxially, rounded abaxially, surface semiglossy,
with narrow purple ring at apex; sheathing 2.7-3.2
cm long, sheathing to ca. 2 cm but for  to 'A of
its petiole length when subtending inflorescences;
geniculum   subterete, maroon, 2.7-4 cm     long,
darker than petiole; blades  oblong or narrowly
oblong to oblanceolate, moderately coriaceous, acu-
minate to long acuminate, sometimes acute at apex
(the acumen sometimes short apiculate, 1-3 mm
long), cuneate to rounded at base, 12-25.5 cm long,
(2.7)4-10 cm wide (2.5-3 limes longer than wide),
(2-3 times longer than petiole), margins thin, nar-
row, reddish, upper surface drying reddish brown,
semiglossy, lower surface weakly glossy; midrib flat
to sunken, slightly paler than surface above, nar-
 
 
rowly convex, reddish violet below; basal veins
lacking; posterior rib lacking; primary lateral veins
3-4 per side, departing midrib at a 45-55 angle,
ascending to the apex, inconspicuous or slightly
sunken above, not distinct below; tertiary veins vis-
ible, darker than surface; minor veins obsurely vis-
ible to moderately distinct, fine, close, arising from
midrib only; secretory ducts usually obscurely vis-
ible on lower surface of dried blade. INFLORES-
CENCES 1 per axil; peduncle 2.6-5.2 cm long, 2-
5 mm diam., obscured by petiole sheath; spathe
moderately coriaceous, 7-11.5 cm long (2.2-2.7
times longer than peduncle), scarcely or not at ail
constricted, pale green to cream, often tinged light-
ly or heavily with reddish lineations, sometimes sol-
id red or maroon, or with red speckles or lines
(rarely seen in Panamanian specimens), green to
whitish, suffused with red inside; resin canais ap-
pearing medially, especially near the constriction;
spathe tube cylindrical, semiglossy outside, 4-5 cm
long, deep maroon, red, or crimson inside; spadix
sessile; cylindrical, sometimes clavate or weakly ta-
pered, 7.2-8.5(9.5) cm long,  uniform throughout;
pistillate portion pale greenish, cylindrical, 1.8-2.4



cm long, 5.8-8 mm diam. at apex, 6-9 mm diam.
at middle, 5-6 mm wide at base; staminate portion
4.8-8.9 cm long; fertile staminate portion white,
cylindrical, clavate or weakly tapered, 6-11 mm
diam. at base, 8-9 mm diam. at middle, 7 mm
diam. ca. 1 cm from apex, as broad as or sometimes
broader than the pistillate portion, if detectable,
narrower than the sterile portion; sterile staminate
portion broader than the pistillate portion, white, 6
mm diam.; pistils 1-2.2 mm long, 0.6-1.4 mm
diam.; ovary 5-8(10)-locular, 0.4-1 mm long, 0.8-
1 mm diam., with sub-basal placentation; ovules
1(2) per locule, sometimes contained within trans-
parent, gelatinous ovule sac, 0.2-0.5 mm long,
equal in length to or longer than funicle; funicle
0.2 mm long, style 0.7 mm diam., similar to style
type B; style apex with depressions surrounding
stylar canal exits; stigma brush-like, discoid,
0.5(1.5) mm diam., 0.2-0.6 mm high, covering en-
tire style apex; the androecium truncate, margmns
irregularly 4-5-sided, 1.3 mm long, 0.3-1.4 mm
diam. at apex; thecae oblong, sometimes oblong-
elliptical; pollen spheroidal to ellipsoidal or elon-
gate, less than 0.2 mm long, 0.1 mm diam.; sterile
staminate flowers 3-6-sided or irregularly 4-sided,
0.9-3.9 mm long, 0.4-1.3 mm wide. INFRUC-
TESCENCE pendent; seeds 1(2) per locule. JU-
VENILE leaves and spathes tinged red.
  Flowering in Philodendron bakeri occurs from
the early dry season, December through April, with
post-anthesis collections from January through May.
 
 
406
 
�

 
 
 

[Begin Page: Page 407]
 
 
 

 
Volume 84, Number 3
1997
 
 
Croat
Philodendron Subgenus Philodendron
 
 
Immature fruiting collections were made in May
and June.
 
  Philodendron bakeri is known along the Atlantic
slope of Costa Rica from 100 to 900 m elevation



in Premontane wetforest and Tropical wet forest life
zones and also occurs in Central Panama at 900 to
1420 m in Tropical wet forest and Premontane rain
forest life zones. It is expected to be found in in-
tervening areas.
  Philodendron bakeri is a member of P sect. Ca-
lostigma subsect. Glossophyllum ser. Glossophyl-
lum. The species is characterized by its scandent
habit, slender stems (frequently pendulous on flow-
ering portions), reddish, deciduous cataphylls, sub-
terete petioles (one-fourth to one-third as long as
the blades), more or less oblong blades, and by the
solitary inflorescence with the spathe green, suf-
fused with red or maroon outside, and heavily suf-
fused with red within, especially at the base. Also
characteristic are the bright orange fruits.
  Philodendron bakeri is most similar to P immix-
tum, also a vine with more or less elongate blades.
That species differs in having thicker internodes
drying with broad fissures and an often loose, flak-
ing epidermis, and thinner blades that dry greenish
or greenish brown and are more typically subcor-
date at the base. In contrast, P bakeri has minutely
fissured stems that lack a loose, flaking epidermis
and blades that dry typically reddish brown, mod-
erately coriaceous, and are merely rounded to ob-
tuse at the base.
  Though both species have spathe tubes that are
reddish on the inner surface, P immixtum differs
in that the tube is not reddish on the outside.
  Both P bakeri and P immixtum are members of
P sect. Calostigma subsect. Glossophyllum, with
one ovule per locule, but locules of P immixtum
differ in being longer, with the transparent envelope
enclosing the ovules being about twice as long as
the ovules, whereas those of P. bakeri have the
ovule(s) embedded in a gelatinous matrix complete-
ly filling the envelope.
  Philodendron bakeri may also be confused with
precociously flowering shoots of P. sagittifolium.
Both species have petioles that may be tinged pur-
plish violet on both ends. Philodendron sagittifol-
Lum differs in having pistils with 7--8 locules with
2-4 ovules per locule in a transparent envelope (vs.
1 ovule per locule in a gelatinous matrix).
  Croat 44312 from La Selva, Costa Rica, differs
in drying dark gray-brown above, dark brown be-
low, and in lacking secretory ducts. It is perhaps a
juvenile of some other species.
  The species is named in honor of Richard Baker,
 
 
an aroid specialist previously at the Field Museum,
who made the first collection in 1974.
 
 Additional specimens examined. COSTA RICA. Ala-
juela: Cariblanco-Laguna Hule, ca. 2 km W of Costa



Rica Highway 9, 1017'N, 8413'W, Baker et al. 227 (F,
MO); Monteverde Biological Reserve, Rfo Pernas Blancas,
900 m, 1019'N, 8444'W, Haber & Bello 6932 (MO),
7907 (CR); Volcan Miravalles, W of Bijagua, near Rfo
Zapote, ca. 600 m, 1044'N, 8505'W, Burger et al. 11628
(F, MO); Cafias-Upala, 4 km NNE of Bijagua, on slopes
leading into Rfo Zapote, ca. 400 m, Croat 36263 (MO);
Upala, 2 km NE of Colonia Libertad along Rfo Cano Ne-
gro, 300 m, 1050'N, 8516'W, Herrera 1958 (MO); San
Ram6n, 800 m, Bello 1973 (CR); Bello et al. 4537 (CR,
INB); Reserva Forestal de San Ram6n, 1000 m,
1012'40"N, 8436'20"W, Herrera 6748 (CR, MO). Guan-
acaste: N side of Lake Arenal, 1 km NW of dam, 650 m,
1030'N, 8446'W, Haber et al. 4915 (CR, MO); 4916
(MO). Heredia: ca. 7 km SW of Las Horquetas, ca. 400
m, 1018'N, 8401'W, Grayum 5018 (MO); ca. 8 km SW
of Las Horquetas, 450-550 m, 1018'N, 84002'W, Grayum
et al. 6543 (MO); Rfo Peje-Rfo Sardinalito, Volcn Barva,
700-750 m, 1017'30"N, 8404'30"W, Grayum & Jermy
6784 (MO); La Zona Protectora, Rio Peje-Rfo Guacimo,
northern slopes of Volcan Barva, along trail from main
road across Quebrada Cantarana to Rio Guacimo, 250 m,
Grayum & Schatz 3219 (DUKE); La Selva Field Station,
100 m, Hammel 7805 (DUKE, MO); 100-150 m, Croat
44312 (MO); 6 km by road from Rfo Peje crossing, 5 km
SSE of Magsasay, 1021'N, 8403-04'W, Schatz & Gra-
yum 667 (DUKE); Magsasay, 700 m, I. Chac6n 182 (MO).
Limon: Hacienda Tapezco-Hacienda La Suerte, 29 air
km W of Tortuguero, 40 m, 1030'N, 8347'W, Davidson
et al. 6982 (LAM); Tortuguero National Park, 0 m,
1034'N, 8331'W, Croat 61210 (MO); 2 km W of Rfo
Toro Amarillo on road W from Gupiles, 275 m, 1013'N,
8350'W, Thompson & Rawlins 1225 (CM). PANAMA.
Chiriqui: Cerro Colorado, 19.7 mi. N of Rfo San Flix,
1420 m, 831'N, 8146'W, Croat 74997 (MO). Cod:
Penonom, Llano Grande-Coclecito, 4.3 mi. N of Llano
Grande, 410 m, 842'N, 8026'W, Croat 67456 (CM, L,
MO, PMA); El Cop region, Alto Calvario, 5.2 mi. above
El Cop, 930 m, 49159 (MO); above Alto Calvario,
1200-1300 m, Sytsma & Andersson 4546 (MO); El Valle
region, La Mesa, above El Valle de Antn, 860-900 m,
Croat 37419 (MO), 37508 (MO). Panama: El Llano-Cartf
Road, Km 19.1, 350 m, 919'N, 7855'W, de Nevers &
Herrera 5875 (MO, PMA); El Llano-Cartf, Nusagandi,
325-350 m, Croat 67395 (MO); Km 10, 33710 (MO); 0.5
mi. E of El Llano, D'Arcy 5202 (MO).
 
Philodendron basii Matuda, Anales Inst. Biol.
    Univ. Nac. Mxic. 32: 153, Fig. 8. 1961.
    TYPE: Mexico. Mxico: Barranca de Malinal-
    tenango, NE (published as SE) of Zacualpan,
    1200 m, 1843'N, 9936'W, Matuda 37244
    (holotype, MEXU). Figures 76, 81-84.
 
 Almost always terrestrial, or trailing over rocks;
stem green, stout, succulent, leaf scars conspicu-
ous, 2-4 cm long, 4-5 cm wide; internodes 1-4 cm



long, 2.5-7 cm diam., broader than long, drying
olive-green, epidermis peeling, light brownish,
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roots long, 5 mm diam., light reddish tan; cata-
phylls 20-28 cm long, weakly to sharply 2-ribbed,
medium green with darker ribs and dark green
speckles in lower one-half of cataphyll, drying tan-
nish, persisting intact, eventually deciduous; peti-
oles 22-70 cm long, 8-15 mm diam., terete, me-
dium    green, surface  dark     striate; blades
ovate-cordate, drying moderately thin, weakly bi-
colorous, semiglossy, acute at apex, cordate at base,
16-56 cm long, 9-38 cm wide (1.5-1.8 times lon-
ger than wide), (0.7-0.9 times the petiole length),
broadest at or above middle; upper surface medium
green, weakly glossy, drying medium yellow-brown;
lower surface slightly paler, semiglossy, drying yel-
low-green to yellow-brown; margins sinuate or
weakly undulate; anterior lobe 35-48 cm long,
37.5-46 cm wide (2.5-8.5 times longer than pos-
terior lobes); posterior lobes 4-19 cm long, 18-23
cm wide, directed inward, rounded to obtuse at
apex; sinus spathulate, 10-13 cm deep; midrib
weakly sunken to flat, heavily dark green striate,
paler than surface above, convex, sparsely dark-
lineate, paler than surface below; basal veins 3-6
per side, with 1 pair free to base, the third through
fifth coalesced 3-3.5(4) cm; posterior rib naked for
1-2.5 cm; primary lateral veins 4-7 per side, de-
parting midrib at a 40-60 angle,  straight to the
margins, sunken and paler than surface above, con-
vex and paler than surface below; interprimary
veins sunken and concolorous above, flat and
darker than surface below; branches of primary lat-
eral veins  ruffled-sunken and concolorous above,
raised and paler than surface below; minor veins
predominately arising from the primary lateral
veins, those arising from the midrib seem to dis-
appear soon after leaving the midrib. INFLORES-
CENCES probably 1 per axil; peduncle 7-8 cm
long, 7-8 mm diam., green; spathe 12.6-13.7 cm
long (1.7-1.8 times longer than peduncle), apicu-



late at apex; spathe blade pale green or white,
tinged red near base outside, 8 cm long, white
tinged with red near base, pale-speckled inside;
spathe tube ellipsoid, dark green outside, 6 cm
long, 3 cm diam., maroon-red (B & K Red-Purple
10/3) inside; spadix sessile; tapered, 11.8-12 cm
long, broadest at the base; pistillate portion cylin-
drical, 2.5-3.8 cm long, 1.5-1.9 cm diam. midway,
slightly narrower on both ends; staminate portion
7.6-13 cm long; fertile staminate portion clavate,
9-15 mm diam. at base, 11-15 mm diam. at mid-
die, 5-10 mm diam. ca. 1 cm from apex, broadest
above the middle, narrower than the pistillate por-
tion, broader than the sterile portion; sterile sta-
minate portion narrower than the pistillate portion,
1-1.8 cm diam.; pistils 2.9-3.9(5.7) mm long,
 
 
1.4-2 mm diam.; ovary 4-6-locular, 2 mm long, 1.4
mm diam., with sub-basal placentation; ovules 4-6
per locule, 2-3-seriate, contained within transpar-
ent ovule sac, 0.3 mm long, equal in length to fu-
nicle, style similar to style type D; style apex
rounded, with style boss and with depressions sur-
rounding stylar canal exits; style boss narrow but
pronounced; stigma slightly discoid to hemispher-
oid, 1.6-2.2 mm diam., 0.6-1.4 mm high, covering
almost entire style apex; the androecium 4-6-sided;
thecae oblong, 0.3 mm wide; sterile staminate flow-
ers 4-6-sided, 1.7 mm long, 0.9-1.6 mm wide. JU-
VENILE leaves  sagittate at base.
  Flowering in Philodendron basii is recorded dur-
ing the early wet season with post-anthesis collec-
tions made during September and in January, al-
though too few collections overall have been seen.
 
  Philodendron basii is endemic to Mexico, rang-
ing from western Jalisco, south and east to the
states of Colima, Mxico, and Guerrero, at 350 to
1200 m elevation in "Bosque Pino-Encino" and
"Selva Baja Caducifolia." Matuda (1962) reported
it from as low as 200 m elevation.
  Philodendron basii is a member of P sect. Ca-
lostigma subsect. Macrobelium ser. Pachycaulia.
The species is characterized by its very stout,
green, succulent stems, which usually trail over
rocks; weakly two-ribbed cataphylls, which remain
intact and are usually soon deciduous; long-petio-
late, moderately thin, ovate cordate blades with a
sinuate margin; and by the green spathes with the
tube reddish purple within.
  Although Philodendron basii is not easily con-
fused with any other species, it is ecologically very
similar to P warszewiczii, which also has thick, suc-
culent, bare stems and occurs in very dry habitats.
The latter is distinguished by its deeply dissected
leaf blades. Matuda compared P basii with P smi-



thii, to which it bears only a superficial resem-
blance. That species differs in having more slender
internodes, which are usually longer than broad;
more narrowly ovate blades; and (usually) two in-
florescences per axil with longer peduncles.
  Though no specimens have been seen from Co-
lima State in Mexico, Matuda (1962) reported hav-
ing seen this species there.
 
  Additional specimens examined. MEXICO. Guerrero:
km 337-338 beyond Acahuizotla on highway to Acapulco,
3000 ft., Moore 5100 (BH, CM); road to Xalpatlahuac be-
tween bridge over Rfo Omitlan and confluence of Rfo Pa-
pagayo with Rfo Omitlan, 850 m, Croat 45766 (MO). JI"
isco: Highway 200, 10-13 km SE of El Tuito, valley of
Rfo las Juntas, 250-330 m, McVaugh 25396 (MICH); ca.
6 mi. S of Tuito, 350 m, Croat 45442 (COL, MEXU, MO,
US).
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Philodendron Subgenus Philodendron
 
 
Philodendron breedlovei Croat, sp. nov. TYPE:
   Mexico. Chiapas: Mun. La Trinitaria, Monte
   Bello National Park, E of Lago Tzikaw, 13 May
   1973, Breedlove 35181 (holotype, DS; isotype,
   MEXU). Figures 79, 80, 85.
 
 Planta hemiepiphytica; internodia usque plus quam, 7
cm, ca. 1.5 cm diam.; cataphylla decidua; petiolus sub-
teres, 34 cm longus, 7 mm diam.; lamina anguste ovato-
cordata, usque 37 cm longa, 20 cm lata, in sicco flavi-
brunnea; inflorescentia 1; pedunculus 6 cm longus, 6 mm
diam.; spatha 10.5 cm longa; lamina spathae viridalba vel
alba; tubo spathae extus virenti, intus rubro; pistilla 5-6-
locularia; loculi 20-ovulati.
 
 Hemiepiphytic; internodes to 7 cm or more long,
ca. 1.5 cm diam., usually longer than broad, drying
light brown, semiglossy, weakly and irregularly



ribbed; cataphylls deciduous; petioles 34 cm long
(slightly longer than blades), 7 mm diam., subter-
ete; blades narrowly ovate-cordate, acuminate and
slightly inequilateral at apex, sagittate at base, 37
cm long, 20 cm wide (1.8 times longer than wide;
about equal in length to petiole), semiglossy, upper
surface drying dark olive-green, lower surface dry-
ing yellowish brown; anterior lobe 31.5 cm long, 21
cm wide (4 times longer than posterior lobes); pos-
terior lobes 7.5 cm long, 8.7 cm wide, narrowly
rounded, directed toward base; sinus + V-shaped,
5-6 cm deep; midrib drying narrowly raised and
darker below; basal veins 3-4 per side, with 0 free
to base, 1 pair coalesced for 2.8 cm; posterior rib
to 3 cm long, not naked; primary lateral veins 5-6
per side, arising initially at an acute angle then
forming a graduai arch to margin, departing midrib
at a 55 angle toward apex, 60-70 angle midway,
to 80 angle near the base, weakly arcuate to the
margins, drying weakly raised and paler below; mi-
nor veins arising from both the midrib and primary
lateral veins. INFLORESCENCES 1 per axil; pe-
duncle 6 cm long, 6 mm diam.; spathe 10.5 cm
long (1.75 times longer than peduncle), slightly
constricted midway, densely speckled-lineate, es-
pecially on the tube, red within, darker red on the
tube within, weakly acuminate at apex, convolute
to half its length at base; spathe blade greenish
white to white, paler along the margins outside;
spathe tube medium green outside, 5 cm long; spa-
dix sessile; 6.5-8 cm long, broadest above the mid-
dle; pistillate portion 2.9 cm long, 1.7-1.9 cm
diam., broadest at the middle; staminate portion 7.2
cm long; fertile staminate portion to 2.2 cm diam.
midway, usually broader than the pistillate portion;
sterile staminate portion 1.7 cm diam.; pistils
3.3--3.8 mm long, 1.7-1.8 mm diam.; ovary 5-6-
locular, with axile placentation; ovules 20 per loc-
ule, 0.3-0.4 mm long, equal in length or slightly
 
 
longer than funicle; style similar to style type B,
1.3-1.5 mm diam.; style apex truncate, minutely
warty, irregularly 3-5-sided; stigma 2.3-2.5 mm
diam., depressed with 5-6 small stylar canais; ster-
ile staminate flowers 2.7-3.1 mm long, 0.9-1.6 mm
wide.
  Flowering in Philodendron breedlovei is based on
a single collection in post-anthesis condition made
in May. Flowering is probably in the early wet sea-
son, which begins in May in Mexico.
  Philodendron breedlovei is known only from the
type locality in Mexico (Chiapas) in "Bosque Pino-
Encino" or "Bosque Caducifolio," at 1300 m ele-
vation. Since its type locality is very near Guate-
mala, it is expected to be found there as well.
 Philodendron breedlovei is a member of P sect.



Philodendron subsect. Philodendron ser. Fibrosa.
The species is characterized by its long internodes;
subterete petioles about equaling the blades; nar-
rowly ovate-cordate, yellow-brown drying blades;
solitary, short-pedunculate spathes with the outer
surface white on the blade and reddish on the tube;
and especially by its ovaries, which have parietal
placentation and about 20 ovules per locule.
 Philodendron breedlovei is most easily confused
with P sousae Croat, which has similarly shaped
blades with weakly coalesced basal veins that often
dry a similar yellow-brown color. That species dif-
fers in having only 1-3 basal ovules per locule and
persistent stigmas bearing a conspicuous rim. The
old stigmas of P breedlovei instead are truncate and
smooth with up to six more or less equally spaced
stylar canais in a ring around the center.
 
Philodendron brenesii Standl., Publ. Field Mus.
    Nat. Hist., Bot. Ser. 18: 140. 1937. TYPE:
    Costa Rica. Alajuela: La Palma de San Ra-
    m6n, 1050-1100 m, Brenes 5110 (holotype, F).
    Figures 36, 86-89.
  Hemiepiphytic, sometimes terrestrial; stem gray-
green, to 2 m long, glaucous; sap watery, spicy-
scented; intemodes weakly glossy, becoming matte,
2.5 cm long, 2.5-5 cm diam., about as long as
broad, medium to dark green, weakly glossy to se-
miglossy, drying gray, epidermis brown, crisp; cat-
aphylls to 24 cm long, sharply 1-ribbed to sharply
2-ribbed, sharply and broadly sulcate, pale green
to greenish brown to reddish or weakly tinged red
near base, densely short dark lineate, drying tan-
nish brown, promptly deciduous, obtuse at apex,
margins clear to pale; petioles 20-53 cm long,
0.6-1.7 cm diam., subterete, somewhat spongy, yel-
lowish green, very broadly convex to weakly flat-
tened to obtusely flattened with obtuse medial rib
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adaxially, rounded to convex abaxially, with adaxial
margins rounded, surface sparsely short, dark green
or reddish lineate, sometimes with green to reddish



ring around apex; blades narrowly ovate, subcor-
iaceous, short- to long-acuminate at apex,  sag-
ittate at base, 28-79 cm long, 8-38 cm wide,
(1.6)1.8-2(2.4) times longer than wide, 1.1-1.4
times longer than petioles, upper surface medium
to dark green, semiglossy to glossy, lower surface
pale green to bluish green, matte to glaucous; an-
terior lobe 30-52 cm long, 20-30 cm wide (4.3-
5.5 times longer than posterior lobes); posterior
lobes 5.5-12 cm long, 8.8-13 cm wide, rounded,
directed toward base; sinus narrowly V-shaped;
midrib very broadly convex to flat, whitish to pale
green to pale reddish green, sometimes sparsely
short red-lineate, at least near base above, narrowly
convex to convex, pale green to reddish, matte,
sometimes dark red-lineate below; basal veins 5-6
per side, 2 free to base, the third and fourth some-
times coalesced to 3.5 cm; posterior rib not naked;
primary lateral veins (5-6)8-12(18) per side, de-
parting midrib at a 60-95 angle, sunken above,
convex and paler than surface below; minor veins
visible, etched-sunken and paler above, slightly
raised and slightly darker than surface below, aris-
ing from both the midrib and primary lateral veins.
INFLORESCENCES erect, 1-2 per axil; peduncle
4.5-10.5 cm long, 0.5-1 cm diam., convex adaxi-
ally, rounded to angular abaxially, medium green,
semiglossy; spathe thin, 9.5-18 cm long (1.7-2.1
times longer than peduncle), constricted  at the
middle, pale yellowish green throughout, spathe
blade cream inside; spathe tube 4-6 cm long, se-
miglossy outside, deep magenta with resin canals
inside; spadix sessile,  tapered, 11.5-17.3 cm
long, broadest at the base; pistillate portion pale
yellow, cylindrical, 2.8-8 cm long, 0.8-1.4 cm
diam., tapered toward base; staminate portion 8.6-
10.8 cm long, only slightly broader than pistillate
portion; fertile staminate portion cream, generally
tapered, 9-14 mm diam. at base, 1.1-1.2 cm diam.
at middle, 4-6 mm diam. ca. 1 cm from apex,
broadest at base, usually narrower than the pistil-
late portion; sterile staminate portion 1-1.5 cm
diam.; pistils 3.1-4.7 mm long, 1.7-2.8 mm diam.;
ovary 5-8-locular, 1.8 mm long, 1.7 mm diam., with
sub-basal placentation; ovules 6-12 per locule, ar-
ranged in 2 series of 6 ovules, contained within
gelatinous matrix (no true envelope), 0.4 mm long,
 equal in length to funicle, style 1 mm diam.,
similar to style type B; style apex flat to weakly
rounded; stigma subdiscoid, 1.5-2.1 mm diam.,
0.3-1.7 mm high, inserted on center of style apex,
shallowly depressed medially; the androecium trun-
 
 
cate, 4-6-sided; thecae oblong to ovate, 1.3 mm
wide, contiguous; pollen cream, elongate to sub-
spheroidal, 0.1-0.2 mm long, to 0.1 mm diam. IN-



FRUCTESCENCE with bernes yellow maturing to
orange; seeds 2 per locule, very pale yellow, 1.4-
1.7 mm long, 0.7 mm diam. JUVENILE plants
creeping, appressed-climbing; internodes 8-15 mm
long, 2-2.5 cm wide; petioles 7-8 mm diam, D-sha-
ped, flattened adaxially, weakly striate; blades nar-
rowly ovate, 19-23.3 cm long, 9-12 mm wide; ba-
sal veins 1-2; posterior rib not naked; primary
lateral veins 5-10 per side.
  Flowering in Philodendron brenesii may be asea-
sonal. Flowering collections have been made in
July and August, and many post-anthesis collec-
tions have been made between March and Novem-
ber. Fruiting collections have been made mostly
during what is the dry season and early wet season
in Costa Rica, December through May. Mature
fruiting collections have been made in December,
January, February, and May.
 
  Philodendron brenesii ranges from Costa Rica to
central Panama, at 800 to 2200 m elevation in Pre-
montane rain forest and Tropical Lower Montane
rain forest life zones.
  Philodendron brenesii is a member of P sect. Ca-
lostigma subsect. Macrobelium ser. Ecordata. The
species is distinguished by its mid-elevation habi-
tat, bright green internodes about as long as broad,
sharply two-ribbed, promptly deciduous cataphylls,
and narrowly ovate blades with a narrow V-shaped
sinus, more or less free basal veins, and a more or
less bluish green lower surface.
  Philodendron brenesii is most easily confused
with P crassispathum Croat & Grayum, which bas
similar venation but more broadly ovate blades and
a nearly ellipsoid spathe with very thickened walls
(usually more than 1 cm thick) and no sign of a
constriction between the blade and tube portions.
The peduncle on the latter is sometimes so short
that it appears to be lacking. In contrast, the spathe
of P brenesii is of normal thickness and shape (e.g.,
the spathe is divided into a tube and blade portion).
Philodendron straminicaule can sometimes be con-
fused with the more narrow-leaved forms of P bre-
nesii, but that species differs in having a hippocre-
piform, rather than a narrowly V-shaped, sinus.
  The leaf blades of Philodendron brenesii closely
resemble those of P    validinervium Engl. from
coastal Ecuador between Nanegal and Gualea. That
species differs in having proportionately longer and
narrower posterior lobes, more closely spaced and
prominently raised primary lateral veins, a long-
pedunculate spathe (1.2 times longer than the pe-
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